UNIVERSIDADE FEDERAL DO CEARA
CENTRO DE CIENCIAS
DEPARTAMENTO DE BIOQUIMICA E BIOLOGIA MOLECULAR
PROGRAMA DE POS-GRADUACAO EM BIOQUIMICA

KARINE THIERS LEITAO LIMA

POLIMORFISMOS EM GENES DA OXIDASE ALTERNATIVA (AOX) DE
ECOTIPOS DE Arabidopsis thaliana E Oryza sativa ASSOCIADOS A ALTITUDE E A
PLUVIOSIDADE

FORTALEZA
2021



KARINE THIERS LEITAO LIMA

POLIMORFISMOS EM GENES DA OXIDASE ALTERNATIVA (AOX) DE ECOTIPOS
DE Arabidopsis thaliana E Oryza sativa ASSOCIADOS A ALTITUDE E A
PLUVIOSIDADE

Tese apresentada ao Programa de Pos-
Graduacdo em Bioquimica, do Departamento
de Bioquimica e Biologia Molecular, da
Universidade Federal do Ceara como parte dos
requisitos para obtencdo do titulo de Doutora
em Bioquimica. Area de concentracgo:
Gendmica Funcional.

Orientador: José Hélio Costa.
Co-orientador: Jodo Herminio Martins da
Silva.

FORTALEZA
2021



Dados Internacionais de Catalogagdo na Publicagdo
Universidade Federal do Ceara
Biblioteca Universitaria
Gerada automaticamente pelo modulo Catalog, mediante os dados fornecidos pelo(a) autor(a)

L698p  Lima, Karine Thiers Leitao.
Polimorfismos em genes da oxidase alternativa (aox) de ecotipos de Arabidopsis thaliana e Oryza sativa
associados a altitude e a pluviosidade / Karine Thiers Leitao Lima. - 2021.
255 f. 2 1l. color.

Tese (doutorado) — Universidade Federal do Ceara, Centro de Ciéncias, Programa de Pos-Graduagio em
Bioquimica , Fortaleza, 2021.

Orientagéo: Prof. Dr. José Hélio Costa.

Coorientagdo: Prof. Dr. Jodo Herminio Martins da Silva.

1. A. thaliana. 2. Arroz. 3. Oxidase alternativa. 4. Marcador molecular. 5. Estresses abioticos. I. Titulo.
CDD 572




KARINE THIERS LEITAO LIMA

POLIMORFISMOS EM GENES DA OXIDASE ALTERNATIVA (AOX) DE ECOTIPOS
DE Arabidopsis thaliana E Oryza sativa ASSOCIADOS A ALTITUDE E A
PLUVIOSIDADE

Tese apresentada ao Programa de Pos-
Graduacdo em Bioquimica, do Departamento
de Bioguimica e Biologia Molecular, da
Universidade Federal do Ceard como parte dos
requisitos para obtencdo do titulo de Doutora
em Bioguimica. Area de concentragio:
Genbmica Funcional.

Aprovadaem: [/ |/

BANCA EXAMINADORA

Prof. Dr. José Hélio da Costa (Orientador)
Universidade Federal do Ceara (UFC)

Prof. Dr. Bruno Anderson Matias da Rocha
Universidade Federal do Ceara (UFC)

Prof. Dr. Juan Carlos Alvarez Pizarro
Universidade Federal do Cariri (UFCA)

Prof. Dra. Vania Marilande Ceccatto
Universidade Estadual do Ceara (UECE)

Pesg. PhD Birgit Arnholdt-Schmitt
Functional Cell Reprogramming and Organism Plasticity (FUnCROP)



AGRADECIMENTOS

A Deus em primeiro lugar.

Ao meu orientador, Prof. Dr. José Hélio Costa, por esses 10 anos de
compartilhamento. O senhor € um exemplo para mim, e eu espero que um dia consiga ser
metade do profissional e do ser humano que o senhor é! Muito obrigada pelo acolhimento, pela
confianca e pela paciéncia, tenho muita admiracao pelo senhor.

Ao meu co-orientador, Dr. Jodo Herminio Martins da Silva, que mesmo sem me
conhecer e sem eu ter nada a oferecer em troca, me recebeu de bragos abertos e me enriqueceu
de conhecimentos que eu jamais teria alcangado sem a sua generosidade. Muito obrigada!

A Birgit Arnholdt-Schmitt por ter aceito fazer parte da minha banca e,
principalmente, pela parceria cientifica ao longo dos ultimos anos que nos forneceu bons frutos.

Aos professores Prof. Dr. Bruno Anderson Matias da Rocha, Prof. Dr. Juan Carlos
Alvarez Pizarro e Prof. Dra. Vania Marilande Ceccatto por aceitarem fazer parte dessa banca
e contribuirem para o crescimento do meu trabalho.

Ao Programa de P6s-Graduacdo em Bioguimica e seus professores pela excelente
formacg&o proporcionada.

Aos 6rgdos de fomento Capes e CNPq pelo suporte financeiro e apoio a pesquisa.

O presente trabalho foi realizado com apoio da Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior - Brasil (CAPES) - Cddigo de Financiamento 001.

Agradeco a minha familia, em especial, aos meus avds, gracas aos Seus
investimentos na minha educacdo eu cheguei aqui, eu ndo teria sido nada sem vocés! E,
principalmente, & minha mée, que me ajudou muito cuidando dos meus filhos. Obrigada méae!

E, especialmente, ao meu marido, Diogo Araujo, e aos meus filhos, Ana Clara e
Matheus Diogo. Ao meu marido, obrigada pela paciéncia, quando eu chegava ao limite; por
todas as noites em claro que passou ao meu lado me dando suporte emocional ou mesmo me
ajudando com a tese; por todas as vezes que chegou cansado do trabalho, e mesmo assim,
assumiu todas as obrigagOes da casa para que eu pudesse trabalhar. Enfim, muito obrigada por
estar ao meu lado sempre! E, as minhas vidas, obrigada por terem sido minha motivacéo, minha
alegria, meu tudo! Amo vocés, minha familia!

Por fim, agradego a mim mesma, por ter tomado a iniciativa e saido da minha zona
de conforto, indo em busca de algo fora do escopo do meu laboratério, conseguindo criar
conexdes além das cientificas, humanas. E, obviamente, por ter persistido em meio a uma

pandemia, duas gestacbes e com dois bebés. Eu me orgulho de mim!



RESUMO

A oxidase alternativa (AOX) € uma enzima essencial na manutencdo da homeostase redox e
no suprimento de carbono para o metabolismo mitocondrial da planta sob estresse e em
desenvolvimento. Aqui, investigamos a conexdo entre SNPs da AOX e as condigdes
geogréficas de origem dos ecdétipos (clima, altitude e precipitagdo) usando um conjunto de
dados genémicos de Arabidopsis e de arroz, 1190 e 90 ecétipos, respectivamente, com o
objetivo de encontrar potenciais marcadores funcionais de estresses na AOX. Os parametros
definidos para detectar SNPs ndo sinbnimos foram que estes pertencam a proteina madura da
AOX, ocorram em pelo menos 30% da populacdo e causem mudancas de classes no AA
afetados. Nessas condi¢Oes, revelaram-se as alteracdes de AA na AOX1c [A161E&G165R
(35,6%), W186R (90,6%), R242S (77,5%)], na AOX1d [D274H (35,8%)] e na AOX2 [S76F
(91,1%)] de Arabidopsis e na AOX1c [A232T (66,6%), G239R (73,3%), A232T&G239R
(66,6%)] de arroz, em comparacdo as AOX referéncias de Columbia-0 e Japonica,
respectivamente. Entre essas mudancas de AA, todas reveleram uma conexdo com a alta
pluviosidade, ou com a elevada altitude, ou com ambas. A modelagem 3D comparativa
demonstrou que, geralmente, todas as AOX polimérficas apresentaram diferencas estruturais
em relacéo as referéncias. O “docking” molecular revelou valores de afinidade de ligagdo mais
baixos para as interacdes entre a AOX e o substrato ubiquinol em todas as estruturas em
comparacgdo com a referéncia (exceto a estrutura Os_ AOX1c_G239R), indicando que a maioria
das estruturas polimorficas apresentam uma melhor afinidade de ligagdo enzima-substrato. No
geral, os dados sugerem que a maioria das alteracBes de AA, relacionadas as condi¢des
geograficas aqui analisadas, conferem uma melhor interacdo enzima-substrato, indicando uma

selecdo positiva de uma AOX mais eficiente induzida por condi¢Ges ambientais.

Palavras-chave: A.thaliana; arroz; oxidase alternativa; marcador molecular; estresses

abibticos.



ABSTRACT

Alternative oxidase (AOX) is an essential enzyme to maintain redox homeostasis and
supplying carbon for mitochondrial metabolism in stressed and developing plant. Here, we
investigate the connection between AOX SNPs and the geographic conditions of origin of the
ecotypes (climate, altitude and precipitation) using a genomic dataset from Arabidopsis and
rice, 1190 and 90 ecotypes, respectively, in order to find potential markers of AOX stresses.
The parameters defined to detect non-synonymous SNPs were that they belong to the mature
AOX protein, occur in at least 30% of the population and cause class changes in the affected
AA. Under these conditions, were detected the AA changes in AOX1c [A161E&G165R
(35.6%), W186R (90.6%), R242S (77.5%)], in AOX1d [D274H (35.8%)] and in AOX2 [S76F
(91.1%)] from Arabidopsis and in AOX1c [A232T (66.6%), G239R (73.3%), A232T&G239R
(66.6%)] from rice, compared to AOX references from Columbia-0 and Japonica, respectively.
Among these AA changes, all revealed a connection with high rainfall, or high altitude, or both.
Comparative 3D modeling demonstrated that, generally, all polymorphic AOX had structural
differences in relation to the references. Molecular docking revealed lower binding affinity
values for interactions between AOX and the substrate ubiquinol in all structures compared to
the reference (except the Os_AOX1c_G239R structure), indicating that most polymorphic
structures have better affinity of enzyme-substrate binding. Overall, the data suggest that most
of the AA alterations, related to the geographic conditions analyzed here, confer a better
enzyme-substrate interaction, indicating a positive selection of a more efficient AOX induced

by environmental conditions.

Keywords: A. thaliana; rice; alternative oxidase; molecular marker; abiotic stresses.
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1. INTRODUCAO

Os danos ambientais associados ao aquecimento global e ao crescimento
populacional impulsionaram o desenvolvimento de cultivares tolerantes e de alto rendimento
nos ultimos 20 anos. Segundo o Conselho para Ciéncia e Tecnologia Agricultoras, 80% da
alimentacdo mundial é fornecida pela agricultura. Assim, o desenvolvimento de variedades
melhoradas geneticamente € a forma mais sustentavel de se resolver o problema da escassez
de alimentos. Dessa forma, as pesquisas em torno da criacdo de cultivares geneticamente
modificadas (GMs) orientam-se na busca por genes chave nos processos regulatérios do
metabolismo e da reprogramacéo celular em resposta a estresses ambientais, que ndo sofram
interferéncia de outros genes ou vias. A busca desses genes alvos envolve a identificacdo de
marcadores moleculares associados as caracteristicas de interesse. Um bom marcador é uma
parte da sequéncia de DNA que esté associada a determinado fendtipo. Os marcadores mais
promissores sao os polimorfismos de um Unico nucleotideo (SNPs) que permitem analises
integradas das informac@es genotipicas.

Alcancgar 0 sucesso nessas pesquisas envolve o uso de espécies modelo, que
permitem o uso da gendmica comparativa para ampliacdo dos resultados em outras espécies.
Dentre estes, podemos observar a predominancia do uso das espécies Arabidopsis thaliana e
Oryza sativa devido ao amplo conhecimento de seus genes, sua regulacéo e seus produtos, o
que fornece estratégias para a identificacdo dos marcadores moleculares em dicotileddneas e
monocotiledéneas. Além disso, a disponibilidade de milhares de genomas permite identificar
vastas correlacdes entre gendtipo, fen6tipo e ambiente de forma mais robusta, rapida e barata
em Arabidopsis e arroz.

A oxidase alternativa (AOX) enguadra-se como alvo para a identificacdo de
marcadores moleculares de estresses abidticos. Esta enzima constitui uma via alternativa de
transporte de elétrons (e) na mitocondria. A AOX catalisa a transferéncia direta dos e do
ubiquinol (UQH>) para o oxigénio (Oz), gerando agua (H20), sem o translocamento de prétons
através da membrana, portanto, sem conservacao de energia. A AOX desempenha diversos
papéis essenciais no combate a estresses nas plantas. Essa enzima pode atuar mantendo a
homeostase redox da cadeia transportadora de elétrons mitocondrial (CTEmit) e fotossintética
(CTEft) importante para o metabolismo celular; impedindo o acumulo de equivalentes
redutores e, assim, a formacdo de espécies reativas de oxigénio (EROs) danosas nas
mitocéndrias e cloroplastos; liberando calor em espécies termogénicas; respondendo a

estresses abioticos (temperaturas extremas, seca, salinidade, elevada exposicdo solar);
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regulando as vias de assimilacdo do carbono e a langadeira malato-oxaloacetato (Mal-OAA);
induzindo os sistemas de enzimas antioxidantes; e iniciando a reprogramacéo celular. Portanto,
0 estudo dessa enzima em ecoOtipos de plantas modelo, especificamente A. thaliana e O. sativa,
provenientes de diferentes condigdes geograficas, possibilita a identificacdo de marcadores
moleculares associados a adaptacdo ambiental, que poderao ser utilizados no desenvolvimento

de cultivares melhorados geneticamente.
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2. REVISAO DE LITERATURA

2.1 Melhoramento genético em plantas: fundamentos e importancia

O crescimento vegetativo e as mudancas climaticas, que ocorreram nas ultimas
décadas, estimularam a producdo de cultivares mais produtivos, resistentes e nutricionalmente
robustos (LITRICO e VIOLLE, 2015). Apenas trés fatores sustentam as melhorias na producgéo
agricola: variedades melhoradas geneticamente, expansdo da area sob irrigacdo e uso
generalizado de fertilizantes. Destes, somente o primeiro pode ser considerado sustentavel
(SCHAART et al., 2016; BEVAN et al., 2017; CAST, 2017).

Em 2021, foi relatado pela “United Nation’s State of Food Security and Nutrition
in the World” que a fome estd alcancando niveis alarmantes, com aumentos anuais
consecutivos. Além disso, o Relatorio Global sobre Crise Alimentar de 2020 revelou que entre
720 e 811 milhdes de pessoas passaram fome, e que a tendéncia é que aumente, com milhdes
de pessoas em 48 paises, em risco ou em grave inseguranca alimentar (FAO, 2021). Os
cultivares geneticamente modificados (GMs), desenvolvidos com caracteristicas aprimoradas,
como maior produtividade, maior resisténcia a pragas, nutricdo aprimorada, entre outras, sao
extritamente necessarios para combater esses desafios globais que afetam a vida dos seres
humanos (ISAAA, 2019).

Recentemente, o foco do melhoramento genético de plantas tornou-se a selecao de
caracteristicas de interesse presentes em variantes de diversas localidades. Essa abordagem
permite avaliar mais parametros (genética x fendtipo x ambiente) na selecéo da caracteristica
de interesse, aumentando a probabilidade de desenvolvimento de uma variedade util de fato
(BRESEGHELLO e COELHO, 2013). Os GMs produzidos, normalmente, apresentam maior
rendimento; maior qualidade comestivel; maior facilidade de cultivo, colheita e
processamento; e maior tolerancia a estresses bioticos e abioéticos (FIGURA 1). Portanto, os
GMs tém contribuido para expandir a seguranga alimentar das pessoas, a0 aumentar a
produtividade e a qualidade, reduzindo as perdas (CAST, 2017).

Indubitavelmente, o melhoramento genetico de plantas ndo acabard com a fome,
uma vez que, é um problema associado a outras questdes ndo solucionadas pelo mesmo,
pobreza, politica, guerras. No entanto, o desenvolvimento dos GMs tem por objetivo garantir
que a fome ndo seja devido a baixa produtividade e qualidade agricola (RASHEED et al.,
2017).
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A Figura 1 apresenta os beneficios do desenvolvimento de -cultivares
geneticamente modificados (GMs) para o planeta, como um todo.

Figura 1 — Contribuicdo dos cultivares GMs para a seguranca alimentar, sustentabilidade e

atenuacdo das mudancas climaticas
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Fonte: ISAAA, 2018.

O cultivo dessas plantas GM expandiu em varios os paises. Em 2019, os GMs
foram cultivados em 190,4 milhdes de hectares, por 17 milhdes de agricultores em 29 paises,
e é a tecnologia mais adotada na agricultura moderna (ISAAA, 2019). Em 2018, os EUA
mantiveram-se como o principal produtor mundial de GMs, cobrindo 44,4% das plantagdes
globais. O Brasil ficou em segundo lugar, com 26,7% (ISAAA, 2018). Dentre os GMs mais
plantados a soja representa 50% do total de cultivares geneticamente modificados, seguido pelo
milho, algodao e canola, 30,7%, 13% e 5,3%, respectivamente (ISAAA, 2018). Até outubro de
2016, 404 cultivares GMs haviam sido cadastrados e aprovados. O milho é a espécie com mais
variacGes GMs aceitas, 148 cultivares, seguido por 58 de algoddo, 45 de batata, 38 de canola,
34 de soja e 11 de tomate (FIGURA 2) (ISAAA, 2016).

Contudo, muitos dos cultivares GMs foram desenvolvidos para a resisténcia a
agrotoxicos e herbicidas, o que acarretou no aumento do uso dessas substancias, contaminando
0 meio ambiente (FAO, 2018). Em consequéncia, a sociedade desenvolveu uma rejeicdo com
0s GMs (FLAVELL, 2016). Por isso, atualmente, os estudos estdo direcionados a producéo de
culturas GMs produtivas, adaptadas a condi¢Ges adversas e sustentaveis (BEVAN et al., 2017).
Além disso, as empresas tém investido em debates e palestras para obter apoio publico
(FLAVELL, 2016; MALYSKA e JACOBI, 2018).
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A Figura 2 apresenta e detalha todos os eventos de desenvolvimentos de GMs
aprovados de 1996 — 2016.

Figura 2 — Eventos de desenvolvimento de plantas transgénicas aprovadas desde 1996
até 2016
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Fonte: ISAAA, 2016.

Independente das adversidades, a area de pesquisa envolvendo os GMs tem
crescido de forma linear. Os paises que acrescentaram mais publicacdes com marcadores
moleculares de plantas, até 01/2018 no Pubmed, foram: EUA, China, India, Alemanha, Franca,
UK, Italia e Japdo 4975, 3470, 1847, 1532, 1342, 1239, 1060, 1058, respectivamente, € o Brasil
se enquadrou no grupo de publicagcGes entre 500 e 1000. As principais espécies estudadas foram
trigo, milho, arroz, cevada e a planta modelo A. thaliana (GARRIDO-CARDENAS et al.,
2018). O foco atual é a identificacdo de marcadores moleculares que possam ser utilizados no
desenvolvimento de cultivares produtivos e tolerantes a estresses (GARRIDO-CARDENAS et
al., 2018).

2.2 ldentificacdo de marcadores moleculares
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Um marcador molecular consiste em uma parte da sequéncia do DNA que esta
associada a determinada caracteristica/fendtipo (LANGRIDGE e FLEURY, 2011). A sele¢édo
assistida por marcadores (MAS) contribui para a producdo de variedades com caracteristicas
desejadas, através da previsdo do fenotipo a partir do genoétipo. Para que MAS seja eficiente, a
caracteristica de interesse deve estar intimamente ligada ao marcador molecular
(BARABASCHI etal., 2016; KIM et al., 2016; CROSSA et al., 2017). Portanto, os marcadores
moleculares podem ser usados para aumentar grandemente a eficiéncia e a precisdao do
melhoramento de plantas (KIM et al., 2016; DEVI et al., 2017).

Especificamente, marcadores moleculares podem rastrear no genoma genes ou
tracos de genes especificos, que sejam Uteis na selecdo de uma progénie contendo
caracteristicas desejaveis. Um marcador molecular ligado a uma caracteristica favoravel tende
a ser herdado pela sua progénie (MROZIKIEWICZ et al., 2021). O “marcador perfeito”
engloba os que estdo situados dentro do préprio gene, em vez de, simplesmente, nas
proximidades. A selecdo do marcador molecular é baseada diretamente no gendtipo, o que
aumenta a probabilidade de identificar uma progénie verdadeiramente superior, no entanto,
obviamente, as selecdes devem ser validadas fenotipicamente (CAST, 2017).

Os avancos tecnoldgicos no sequenciamento do DNA ampliaram os métodos de
deteccdo e monitoramento das variagcdes genéticas. Assim, a selecdo de uma caracteristica de
interesse baseada em marcador funciona porque esses atributos permanecem constantes,
independentemente de onde a planta é cultivada (LANGRIDGE e FLEURY, 2011). Para uma
varredura mais ampla de caracteristicas, analisam-se colecGes de diversas linhagens,
associando os gendtipos aos fendtipos. Portanto, utilizam-se as informacdes baseadas no DNA
para maximizar a eficacia e eficiéncia ao longo do processo de identificacdo de um marcador
molecular para o melhoramento genético de plantas (GHANEM et al., 2015; BARABASCHI
et al., 2016). A partir da identificacdo de um marcador molecular, o desenvolvimento de uma
planta melhorada pode levar de 8 a 10 anos (MALYSKA E JACOBI, 2018; NUCCIO et al.,
2018).

O grande entrave no desenvolvimento de um cutivar GM através de marcadores
moleculares é que, na pratica, ndo ha um dnico gene que determine exclusivamente essa
caracteristica (GARRIDO-CARDENAS et al.,, 2018). Como resultado, as pesquisas de
melhoramento genético buscam marcadores em genes que tenham efeitos benéficos para a
planta e ndo interfiram ou sofram interferéncia de outros genes ou vias (FLAVELL, 2016).
Para isso, as abordagens devem englobar varios ecotipos de determinada espécie, para obter
dados geneticos variados (LANGRIDGE e FLEURY, 2011; BEVAN et al., 2017; HASHMI et
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al., 2015). Provido do conhecimento dessas variagdes, a relagdo genoma X técnica x adaptagéo
ambiental tem um impacto significativo na identificacdo de marcadores moleculares
(RODRIGUEZ et al., 2018). Além disso, permite a genébmica comparativa, que € uma
ferramenta promissora para ampliar os dados entre espécies de plantas (AKPJNAR et al.,
2013).

Além disso, a maioria das pesquisas envolvendo marcadores para a criacdo de
cuturas GM utilizam espécies modelo, uma vez que, o reino vegetal se apresenta como uma
estrutura genética conservada. Ademais, 0 uso de espéecies modelo permite descobertas mais
rapidas e economicamente viaveis (FLAVELL, 2005; YIN et al., 2018). Muitos estudos
utilizam a A. thaliana e a Oryza sativa (arroz) como modelos, pois dessas espécies existe vasto
conhecimento dos genes, da regulacdo e dos produtos, o que fornece estratégias variadas para
a identificacdo de marcadores moleculares (LANGRIDGE e FLEURY, 2011; RASOOL et al.,
2015; MURCHA e WHELAN, 2015; CHEW et al., 2017).

Diante disso, a identificacdo de marcadores moleculares tem focado nas mudancas
de um tUnico nucleotideo no gene de interesse, os chamados SNPs (“single nucleotide
polymorphism”). Os SNPs podem ser facilmente identificados e fornecem uma elevada
cobertura do DNA de interesse (VARSHNEY et al., 2005). Além de sua abundancia, SNPs sdo
particularmente atraentes como marcadores devido sua capacidade de alto rendimento, seu
baixo custo e sua alta repetibilidade. Consequentemente, os marcadores moleculares mais
utilizados e mais pesquisados, recentemente, sao 0s SNPs (MROZIKIEWICZ et al., 2021).

2.3 Polimorfismo de um dnico nucleotideo (SNP)

Os polimorfismos de um unico nucleotideo (SNPs) sdo a modificacdo genética
mais frequente no DNA, em torno de 90% das variacGes genéticas em um genoma sao SNPs
(GUPTA et al., 2008; DEVI et al.,, 2017). Um SNP representa uma mudanca na base
nitrogenada de um nucleotideo através de uma mutacdo, passada de geracdo em geragdo
(STONEKING, 2001). Os SNPs caracterizam-se por estarem presentes em pelo menos 1% da
populacdo estudada, por isso, a necessidade de estudar-se muitos individuos da mesma espécie,
para que o resultado possa representar o todo (WEINER e HUDSON, 2002). Ha abundancia
de SNPs nos genomas das especies, por isso, tém sido os principais alvos na identificacdo de
marcadores bioldgicos (HENRY e EDWARDS, 2009). Além disso, a ampla distribuicdo, a

rapidez e a recente reducdo do custo de identificacdo dos polimorfismos, tornaram 0s SNPs
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marcadores de escolha para a genotipagem (MAMMADOV et al., 2012; KIM et al., 2016;
SCHEBEN et al., 2016; CROSSA et al., 2017).

Os SNPs podem ser classificados de duas formas: indicativos e causativos. Os
indicativos sdo 0s que ndo estdo inseridos na regido codante, portanto, ndo afetam a funcéo
proteica, apenas a genética. Enquanto, os causativos interferem na funcdo proteica de duas
maneiras: modificando a sequéncia de aminoécidosos (muda a proteina) — SNPs codantes; e,
interferindo nas regiBes regulatorias do gene — SNPs ndo-codantes (ROCHE, 2007). Ademais,
0s SNPs podem ainda ser categorizados em sinénimos e ndo-sindnimos. Um SNP sinénimo
significa que a mutacdo € silenciosa, enquanto um ndo-sinénimo significa que a mutacdo do
nucleotideo acarreta na mudanga do aminoacido (ROCHE, 2007).

Existem duas metodologias basicas empregadas na identificacdo dos SNPs, a
identificacdo gendmica e a identificacdo funcional (THORISSON e STEIN, 2003). A
gendmica é mais abrangente e tem como objetivo, identificar todos os SNPs presentes em um
ou mais genomas de uma espécie, no intuito de construir um banco de dados computacionais
amplo, que sirva de base a outras pesquisas. A funcional é especifica, sendo direcionada a
genes caracteristicos e a selecdo de seus marcadores moleculares (THORISSON e STEIN,
2003). Portanto, as andlises integradas dos SNPs podem ser convertidas em informacdes
genotipicas universais amplas ou especificas (GUPTA et al., 2008; KIM et al., 2016).

Por esse motivo, os marcadores moleculares do tipo SNP s&o os mais pesquisados,
pois permitem a elaboracao de mapas genéticos com analises detalhadas da estrutura e filogenia
das populagdes (RAFALSKI, 2002). Isso € possivel em consequéncia da caracteristica Unica
dos SNPs representarem como os individuos interagem entre si e com 0 meio ambiente
(HENRY e EDWARDS, 2009; GANAL et al., 2009). Além disso, a identificacdo dos
marcadores baseados em SNPs tem as vantagens de ser mais flexiveis, mais rapida, mais
especifica e com maior custo-beneficio (THOMSON, 2014).

No entanto, existem limitacOes para essa abordagem: a localizagcdo de falsos
positivos e negativos pelas plataformas de sequenciamento e tamanhos populacionais limitados
que reduzem a exploragéo da variabilidade (VARSHNEY et al., 2005). Os projetos de re-
sequenciamento contribuem para mitigar essas limitagdes e trazem consequéncias praticas para
0 melhoramento de plantas. Através, por exemplo, dos estudos de associacdo ampla do genoma
(GWAS) que permitem o mapeamento de caracteristicas de interesse; da selecdo gendmica de
SNPs com caracteristicas de marcadores moleculares; e da mutagénese direcionada para
originar novas variedades cultivadas (BOLGER et al., 2014; HU e LUBBERSTEDT, 2015;
BARABASCHI et al.,, 2016; SCOSSA et al., 2016). A imensa maioria dos SNPs s&o
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encontrados nas regides ndo codantes dos genes. Quando identificados em regides codantes
sd80 mais vantajosos, em sua maioria, porque essas regifes possuem a regulacdo metabdlica
decifrada (MAMMADOV et al., 2012; SHI e LAI, 2015; PENG-FEI et al., 2017).

Os SNPs encontrados em regides codantes estdo relacionados a adaptacao
ambiental de uma espécie, em resposta a selecdo geografica (WEINIG et al., 2014;
KUROKAWA et al., 2016). Ja foi comprovado que a convergéncia adaptativa (adaptacédo as
mesmas condi¢cBes ambientais através dos mesmos mecanismos genéticos) ocorre nos genes e
em suas variagdes polimorficas (RELLSTAB et al. 2017). Os projetos de re-sequenciamento
contribuem para o aprofundamento do conhecimento em torno da convergéncia adaptativa
(BOLGER et al., 2014; HU e LUBBERSTEDT, 2015; BARABASCHI et al., 2016; SCOSSA
et al., 2016). O primeiro a ser finalizado com plantas foi o Projeto 1001 Genomas, que conta
com a sequéncia gendmica de 1235 ec6tipos de A. thaliana (The 1001 Genomes Consortium,
2016). Este foi seguido pelo Projeto 3000 Genomas de arroz (The 3,000 rice genomes Project,
2014). A partir de entdo, os estudos com marcadores moleculares de Arabidopsis e arroz
avancaram muito a compreensao da genética evolutiva em caracteristicas fenotipicas criticas
(ANDERSON et al., 2011; KUBOTA et al., 2015; SUN et al., 2017).

2.4 O uso de espécies modelo no estudo de plantas

A genética evolutiva e comparativa entre espécies vegetais tem validado o uso de
uma espécie como modelo para outra. Uma espécie modelo deve fornecer uma avaliagdo
estrutural que permita expandir e comparar seus resultados para outras espécies de forma
rapida, econémica e fidedigna (AGRAWAL et al., 2006). Portanto, as caracteristicas genéticas,
metabolicas e estruturais das espécies estudadas devem ser harmonizadas, permitindo
comparagfes mais precisas (SAKAI et al., 2014). Obviamente, em niveis mais detalhados,
identificam-se inimeras diferencas entre o conhecimento obtido a partir de um modelo e a
outra espécie (ZHENG et al., 2018). Apesar de que, na maioria das diferencas identificadas,
observe-se que estas tém origem em mudancas extremamente pequenas e especificas.

Especificamente, para que uma espécie de planta seja considerada como modelo
ela deve possuir algumas caracteristicas especificas: genoma pequeno e com sequenciamento
de alta qualidade; poucos genes; ciclo de vida curto; facilmente transformado geneticamente;
dipléide com poucas duplicagcdes de cromossomos/genes; boa posigéo filogenética nas plantas;
tamanho pequeno, para crescimento em espagos pequenos; produzir muitas sementes, para facil
observacao da progénie (KHONG et al., 2008).
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Desse modo, Arabidopsis e arroz se tornaram os principais modelos utilizados, uma
vez que, atendem a essas demandas, além de possuirem cole¢cBes completas de sequéncias
genémicas de cDNAs (MURCHA e WHELAN, 2015). Estas sequéncias sdo detalhadas pelo
projeto “The Arabidopsis Information Resource” (TAIR) para Arabidopsis, € pelo “The Rice
Genome Resource Center” (RGRC) para o arroz (AGI, 2000, KAWAHARA et al., 2013).
Essas ferramentas e seus bancos de dados de acesso livre tém sido inestimaveis para
impulsionar o desenvolvimento e o0 uso dessas espécies como modelos. Além disso, as
sequéncias completas do genoma de diferentes ecotipos de Arabidopsis e arroz estdo
disponiveis para ajudar na compreensdo de eventos mutacionais e sua relagdo com variagdes
fenotipicas e ambientais (The 1001 Genomes Consortium, 2016; SUN et al., 2017).

Particularmente, algumas relacbes gene/fendtipo/ambiente ndo serdo conservadas
por pertencerem ao periodo posterior a separacdo entre linhagens dicotileddneas e
monocotileddneas. Portanto, é razoavel sugerir que a maior parte das caracteristicas serdo
conservadas entre grupos de dicotiledéneas (Arabidopsis) e de monocotiledoneas (arroz)
(SHIMAMOTO e KYOZUKA, 2002). Assim, levando em conta as similaridades identificadas
em Arabidopsis e arroz, uso de seus dados em conjunto surge como forma de consolida-los
como modelos para todas as plantas. Apesar disso, muitas pesquisas demonstram que
Arabidopsis apresenta-se como modelo Gtil para a maioria das caracteristicas de
monocotileddneas (FLAVELL, 2009). Entretanto, o uso de duas espécies modelo, abrangendo
as classes dicotileddnea e monocotileddnea, ira conferir resultados mais amplos, que permitem

uma analise comparativa personalizada (SPANNAGL et al., 2011).

2.4.1 Arabidopsis thaliana: um modelo consolidado

Arabidopsis thaliana € membro da familia Brassicaceae de ampla distribuicdo com
ciclo de vida de 6 — 8 semanas, pequeno porte, capacidade de se autofecundar e produzir
descendentes (MEINKE et al., 1998). Essas vantagens promoveram o interesse de grupos
cientificos em usar Arabidopsis como base em estudos genéticos (AGI, 2000; PAGE E
GROSSNIKLAUS, 2002).

O sucesso de Arabidopsis como espécie modelo lider e seu valor podem ser
inferidos do ndmero de publicacdes e bancos de dados dedicados a especie desde 1985
(LEONELLLI, 2007). Os resultados dessas pesquisas sdo provenientes, principalmente, do
projeto “The Multinational Coordinated Arabidopsis thaliana Functional Genomics Project”
(MCALtFGP), que publica uma atualizacdo a cada ano. O relatorio de 2007 do MCAtFGP
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descreve aimportancia da Arabidopsis como a espécie que proporcionou a maioria dos avangos
feitos na ciéncia das plantas nos ultimos dez anos e, continuara a proporcionar nos proximos
dez anos. Comprovando o impacto deste modelo na genética molecular das plantas
(FLAVELL, 2009).

Em 1980, o maior financiamento para pesquisa com plantas foi concedido pela
“National Science Foundation” (NSF) aos grupos que estudavam Arabidopsis (KRAMER,
2015). Muitos avancos foram alcancados desde entdo: primeira transformacdo eficaz em
plantas com Agrobacterium tumefaciens, publicacdo do genoma dos 5 cromossomos, criagdo
do Recurso de Informacéo de Arabidopsis (TAIR) e dos bancos de sementes ABRC e EASC,
além do lancamento do Projeto 1001 Genomas (AGI, 2000; RHEE et al., 2003; HAUGHN e
KUNST, 2010; KOORNNEEF e MEINKE, 2010). O Projeto 1001 Genomas iniciou-se em
2008 com intuito de sequenciar os genomas de 1.135 ecOtipos de A. thaliana disponivel no
EASC, para: apresentar a variacdo genémica, investigar a historia demografica e identificar
caracteristicas de interesse associadas as condi¢bes geogréaficas (The 1001 Genomes
Consortium, 2016).

O Projeto 1001 Genomas ¢é utilizado como ferramenta para avaliar mudancas no
ambiente abiotico, que interferem na adaptacdo de plantas ao meio, e podem ser alvos da
selecdo de caracteristicas vantajosas (HAUGHN e KUNST, 2010). Isso porque, esse projeto
disponibiliza uma grande cole¢do de ecotipos selecionados naturalmente nas mais diversas
condicdes geogréaficas (KISSEN et al., 2016). O estudo desses ecotipos permite conhecer o
processo de adaptacdo da planta ao ambiente através da correlacdo do genotipo, fenotipo e
ambiente (G x F x A) (WIENKOORP et al., 2010; WOLFE e TONSOR, 2013; KRAMER, 2015;
KAWAKATSU et al., 2016). As correlacdes G x F x A sdo mais robustas, mais rapidas e mais
economicamente viaveis em Arabidopsis, contribuindo para a reducdo das hipdteses a serem
testadas em outras plantas (FLAVELL, 2005). Inumeros trabalhos com Arabidopsis
comprovam essa relacdo entre a expressdo génica, a atividade proteica e os SNPs com a
adaptacdo ambiental (HUBER et al., 2014; LUO et al.,, 2015; FANG et al., 2015;
KAWAKATSU et al., 2016; The 1001 Genomes Consortium, 2016; MUKHERJEE et al.,
2018; HE et al., 2018).

Exemplificando, diversos estudos apresentam respostas genéticas, metabdlicas e
de desenvolvimento anélogas entre A. thaliana e outras dicotiledoneas e monocotileddneas
(tomate, soja, arroz e milho) (KISSEN et al., 2016; VEREMEICHIK et al., 2016; NAHAR et
al., 2017; HANSCHEN et al, 2018; MOLNARA et al., 2018; ZHU et al., 2018).

Especificamente, pesquisas que investigam caracteristicas similares entre A. thaliana e a
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espécie modelo de monocotiled6nea O. sativa vem apresentando resultados que se corroboram
ou, no minimo, se complementam (FLAVELL, 2009; VIJAYAN et al., 2018). Um estudo com
A. thaliana e arroz (Oryza sativa) revelou as mesmas respostas regulatorias para catalases,
quando submetidas a estresses bidticos (LI et al., 2017). Em adicdo, Ferrari et al. (2017)
também mostrou que a expressdo da metalotioneina de um cultivar de arroz tolerante & cobre
em Arabidopsis conferiu tolerdncia @ mesma. Da mesma forma, Xu et al. (2017) também
induziu a tolerancia em Arabidopsis através da expressdo de uma cinase de um cultivar de arroz
tolerante a estresses abioticos. Isto &, tecnologias que contribuam para a genémica comparativa
entre mono e dicotileddneas, como com Arabidopsis, permitem coloca-la como um modelo
consolidado em estudos com outras plantas (MIEULET et al, 2016).

Apesar de contribuir para o conhecimento dos processos metabolicos em plantas,
a extrapolacdo dos dados a outras espécies ainda necessitam informacdes complementares
(FLAVELL, 2005). Em outras palavras, algumas limitagdes podem ser identificadas no estudo
comparativo da Arabidopsis com as monocotiled6neas, por isso, ha a necessidade da realizacéo
de estudos comparativos com outras plantas modelo, que contribuem para corroborar ou
complementar os resultados (FLAVELL, 2009).

2.4.2 Oryza sativa: o surgimento de uma nova espécie modelo para plantas

As pesquisas gendmicas com arroz tém sido desenvolvidas principalmente para
identificar cultivares/caracteristicas adaptadas as mais diversas condi¢des agroclimaticas,
como seca, enchente, frio, calor e condicGes salinas e &cidas do solo (SINGH et al., 2017;
FLAVELL, 2009). A “International Rice Research Institute” tem 188 projetos de pesquisa
direcionados ao desenvolvimento de cultivares de arroz com elevada produtividade (IRRI,
2019). Além da relevancia cientifica, o arroz também € de extrema importancia para a
economia e nutricdo. O arroz é o alimento mais consumido no mundo, cerca de 4 bilhdes de
pessoas 0 tem como maior principal de calorias na dieta. Além disso, a perspectiva é que sua
demanda aumente em 25% até 2030 (FIGURA 3) (IRRI, 2019; KAUR et al., 2016).

A Figura 3 apresenta um panorama das contribuigdes do “International Rice

Research Institute”.

Figura 3 - Panorama das contribuigdes cientificas, sociais, ambientais e econémicas do

“International Rice Research Institute”
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Ademais, a espécie O. sativa é considerada um modelo emergente para estudos
comparativos de biologia molecular, bioquimica e fisiologia vegetal. As principais razfes para
encaixa-la como tal sdo: o genoma foi sequenciado completamente, e disponibilizado
publicamente; possui um amplo banco de dados de “expressed sequence tag” (EST), facilitando
a identificacao de genes de interesse; possui ferramentas para pesquisas de genémica funcional;
a geracdo de plantas transgénicas de arroz é relativamente simples, comparado a outras
espécies (SHIMAMOTO e KYOZUKA, 2002; WING et al., 2018). Além disso, tem disponivel
a sequéncia gendémica de mais de 3010 ecoOtipos de arroz, com informacdes de genes, sua
expressdo e suas funcdes; e, possui muitos incentivos cientificos (SUN et al., 2017; RANA et
al., 2020). Estruturalmente, o arroz ainda possui um tamanho pequeno (65-85 cm); um baixo
custo de cultivo, manutencédo e transporte; ciclos de vida curto (3-6 meses); e uma taxa de
fertilidade e autofecundacéo elevadas (ITOH et al., 2005).

A disponibilidade desses recursos genémicos de O. sativa enriquecem de
informacdes a gendmica evolutiva do arroz, sendo valiosos para o0 melhoramento e conservacgao
do arroz. Portanto, o uso do arroz como espécie modelo de estudo é util tanto para o
melhoramento de plantas, quanto para 0 mapeamento em larga escala de interacGes genotipo x
fendtipo x ambiente (CHEN et al., 2019). Dessa forma, o arroz possui um potencial imenso
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para o desenvolvimento de marcadores moleculares capazes de evidenciar e transmitir
caracteristicas de interesse, como a tolerancia a estresses abioticos (GANIE et al., 2019).

E importante ressaltar, que devido & extensa domesticacdo do arroz, muitos
ecotipos estdo diretamente relacionados a resisténcia a estresses bidticos e abioticos (ITO e
LACERDA, 2019). Nestes ecotipos identificam-se inUmeros genes envolvidos na tolerancia
ao frio, a inundacéo, a seca, a solos salinos (BURLANDO e CORNARA, 2014; ALMEIDA et
al., 2016; MILLAR et al., 2004; ZHI-HONG et al., 2005; VIJAYAN et al., 2018; SIHORI et
al., 2020; Abe et al., 2002; CHANG et al., 2019). Cientistas relataram ser possivel introduzir
eficazmente esses genes de interesse em cultivares de outras plantas, no intuito de, melhorar
suas caracteristicas agronémicas e econémicas (ITO e LACERDA, 2019). Assim, 0 arroz
tornou-se uma importante espécie modelo para as demais plantas em numerosos projetos de
pesquisa envolvendo genoma e biologia molecular, evolutiva e funcional (YAN and JIANG,
2007).

2.5 Oxidase alternativa (AOX)

2.5.1 AOX - fungéo, estrutura e distribui¢ao

A oxidase alternativa (AOX) é a enzima que constitui uma via alternativa de
transporte de elétrons (e”) na mitocondria. A AOX catalisa a transferéncia direta dos e” da
ubiquinona (UQ) reduzida (ubiquinol — UQH2) para o oxigénio (O2), gerando agua (H20),
porém nao transloca prétons (H™) através da membrana mitocondrial interna e, portanto, nao
conserva energia (FIGURA 4) (MCDONALD, 2008). Existe um controle rigido sobre a
atividade AOX, a fim de se evitar perdas desnecessarias de carbono e energia, a0 mesmo tempo
permitindo um aumento robusto na atividade AOX quando necessario (VANLERBERGHE et
al., 2020).

A Figura 4 apresenta a cadeia transportadora de elétrons mitocondrial e a via

alternativa da oxidase alternativa.

Figura 4 — Representacéo da cadeia transportadora de elétrons mitocondrial, da desidrogenase

externa e da via alternativa da oxidase alternativa
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Figura 4: A cadeia transportadora de elétrons mitocondrial da planta. Via alternativa de transporte de elétrons
utiliza uma familia de oxidases alternativas que passam elétrons diretamente da ubiquinona para o oxigénio,
produzindo agua (AOX). | - V, complexos | a V; AOX, oxidase alternativa; Fum, fumarato; IMM, membrana
mitocondrial interna; IMS, espaco inter-membrana; NDex, desidrogenases alternativas externas; NDin,
desidrogenases alternativas internas; Suc, succinato; UCP, proteina desacopladora; UQ, ubiquinona.

Essa enzima € resistente ao cianeto, ao contrario da citocromo oxidase da cadeia
transportadora de elétrons mitocondrial (CTEmit), e sensivel ao acido salicil-hidroxamico
(SHAM) (NEIMANIS et al., 2013; VANLERBERGHE, 2013; LIN et al., 2020). A AOX ¢é
uma proteina de membrana integral e interfacial, ligada ao lado da matriz mitocondrial
(VANLERBERGHE et al., 2020). A AOX tem ocorréncia generalizada, sendo identificada em
plantas, animais basais, fungos, leveduras, algas, protozoarios e proteobactérias
(MCDONALD et al., 2009). O que propde que esta enzima desempenha um papel amplo e,
provavelmente, originou-se dos primeiros eventos endossimbioticos (Finnegan et al., 2003;
Atteia et al., 2004; VANLERBERGHE, 2013; MCDONALD e VANLERBERGHE, 2005,
2006).

Essas proteinas pertencem a classe das proteinas universais carboxilato oxidase
(DOX). Essas oxidases necessitam de dois jons ferro (Fe* — Fe3*) no sitio ativo, essenciais a
catalise. Os ions Fe da AOX sdo coordenados por residuos de glutamato (E) e histidina (H)
altamente conservados entre as DOX (EXXH — E222-X-X-H225 e E324-X-X-H327 em A.
thaliana) (AFFOURTIT et al., 2002; NAKAMURA et al., 2005, MCDONALD e
VANLERBERGHE, 2006; PENNISI et al., 2016). A AOX é uma proteina codificada no nucleo
e seu transporte para a mitocondria envolve a remocéao de uma pré-sequéncia (PS) na sequéncia
N-terminal da proteina e a presenca de translocadores especificos que reconhecem essa PS
(EBILOMA et al., 2018).
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A maioria das AOXs possuem dois residuos de cisteina (C) altamente conservados,
denominados CI e CIl (posi¢es 127 e 177 em A. thaliana, respectivamente) na por¢do N-
terminal (Kakizaki et al., 2010). Ambas estdo envolvidas na regulacéo da proteina, ativando-a
atraves de duas etapas. A primeira delas inclui a reducdo da ligacdo CI — CII por piruvato,
glioxilato e a-cetoacidos; e, succinato [quando CI é substituida por serina (S)] (NEIMANIS et
al., 2013; NIETZEL et al., 2017; SELINSKI et al., 2017). A segunda é mais fisiologicamente
importante para o controle bioguimico, preciso e rapido da atividade da AOX, e envolve a
interacdo da proteina com ativadores metabolicos, como o piruvato (FIGURA 5)
(VANLERBERGHE et al., 2020).

A Figura 5 apresenta o controle bioquimico de ativagdo da AOX.

Figura 5 — Representacdo do controle bioquimico em duas etapas da ativacdo da AOX
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Fonte: VANLERBERGHE et al., 2020.

Figura 5: Controle bioquimico da ativacdo da oxidase alternativa. Na primeira etapa de ativacdo, em resposta ao
NAD(P)H da matriz mitocondrial, a ligacéo dissulfeto reguladora entre duas cisteinas da é reduzida a dois grupos
sulfidrilas, conferindo atividade basal baixa. Na segunda etapa de ativag8o, os grupos sulfidrilas interagem com
ativadores metabolicos especificos, como piruvato, oxaloacetato ou glioxilato, conferindo elevada atividade a
AOX. AOX, oxidase alternativa; COX, citocromo oxidase; OAA, oxaloacetato; 2-OG, 2-oxoglutarato; UQ,

ubiquinona.

Através de estudos mutagénicos e da cristalizacdo da proteina AOX de
Trypanosoma brucei b. identificou-se que um residuo de tirosina () é altamente conservado

entre as AOXs e essencial a atividade enzimatica da AOX, integrando o sitio catalitico da
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enzima (Y220 em T. brucei b. e Y280 em A. thaliana) (CRICHTON et al., 2010; SHIBA et al.,
2013; PENNISI et al., 2016; CASTRO et al., 2017).

Em plantas, AOX consiste em duas familias multigénicas: AOX1 e AOX2
(normalmente, a AOX1 ¢ induzivel por estresse, enquanto a AOX2 tem uma expressdo
constitutiva e em certas condic¢des induzida) (CLIFTON et al., 2006; FENG et al., 2007).
Especificamente, estas foram distribuidas em 4 grupos filogenéticos: AOX1a/b/c/e; AOX1d;
AOX2a/b/lc e AOX2d. A disposicdo desses grupos é diversificada entre as ordens das
angiospermas. Por exemplo, na ordem Poales foram identificados AOX1a/c/e e AOX1d1/d2,
enquanto em Brassicales AOX1al/a2/b/c, AOX1d e AOX2 (COSTA et al.,, 2014). Essas
diferentes isoformas ndo podem substituir completamente uma a outra, outros mecanismos

regulatorios estdo envolvidos nessa diferenciacdo (SELINSKI et al., 2018).

2.5.2 AOX — um condicionador da homeostase celular?

A AOX desempenha fungbes nas plantas dentro da mitocéndria e fora dela em
combate aos estresses abioticos. Atua na manutencdo da homeostase redox da CTEmit. € CTEfot.
impedindo o acumulo de equivalentes redutores e a formacao de espécies reativas de oxigénio
(EROs); na regulacdo das vias de biossintese de moléculas, da lancadeira malato-oxaloacetato
(Mal-OAA) e dos sistemas de enzimas antioxidantes; e na iniciacdo da reprogramacao celular
(AFFOURTIT et al., 2002; VISHWAKARMA et al., 2015; SAHA et al., 2016).

Os principais estudos que relacionam a AOX as respostas metabdlicas que ela
realiza envolvem estresses abiodticos (VISHWAKARMA et al.,, 2015). Em espécies
provenientes de ambientes nutricionalmente limitados, o funcionamento da CTEmi. fica
comprometido e ha um aumento da producdo de EROs, quando AOX é induzida reduz o
conteudo de EROs e estabiliza a homeostase celular (MCDONALD e VANLERBERGHE,
2005; MCDONALD e GOSPODARYOV, 2018). Da mesma forma, plantas expostas ao
0zOnio, a inibidores da citocromo oxidase, e a elevada exposicdo a luz induzem a AOXla,
reduzindo a formagdo de EROs (CHAKRABORTYA e ACHARYA, 2017; ALRIC e
JOHNSON, 2017; MULLINEAUX et al., 2018). Estresses com extremos de temperatura
induzem a AOX1a em Arum maculatum e Vitis vinifera (>35°C), Lycopersicon esculentum,
Triticum aestivum L. e Cicer aurentium (<5°C), enquanto AOX2 teve uma expressdo estavel
(FUNG et al., 2006; MIZUNO et al., 2008; WAGNER et al., 2008; ERDAL et al., 2015;
HAIDER et al., 2017; KARAMI-MOALEM et al., 2018).
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Além disso, a inducgdo da expressdo da AOX regulou positivamente a expressao
das enzimas dos sistemas antioxidantes (catalase — CAT, ascorbato peroxidase — APX,
superdxido dismutase — SOD), principalmente nos cultivares tolerantes (XIAO et al., 2021). O
mesmo padrao de resposta foi obtido com estresses por metais pesados, como o Cadmio (Cd)
e 0 Arsénico (As), em A. thaliana e Chlamydomonas reinhardtii e O. sativa (KEUNEN et al.,
2013; TRIPATHI et al., 2013; ZALUTSKAYA et al., 2016). Em contrapartida, a AOX2
mostrou um padrdo de expressao consistente e induzivel, juntamente com a AOX1, em resposta
ao estresse salino (NaCl) em cultivares tolerantes de Medicago truncatula, Vigna unguiculata
e Glycine max (COSTA et al., 2007, 2010; MHADHBIA et al., 2013; JIAN et al., 2016;
SHELKE et al., 2017).

Além de responder aos estresses combatendo a formacdo de EROs e regulando
positivamente as enzimas dos sistemas antioxidantes, a AOX foi identificada como potencial
modulador/iniciador da reprogramacao celular em resposta a estresses, ou seja, agindo como
desencadeador de novos programas metabolicos celulares (CLIFTON et al., 2006;
ARNHOLDT-SCHMITT et al., 2006; SAHA et al., 2016). Quando plantas sdo submetidas a
diferentes estresses como Cd, herbicidas (A. thaliana), SHAM, metil-jasmonato (Daucus
carota), NaCl (A. thaliana, O. sativa e M. trunculata) e frio (Nicotiana tabacum), ou no
amadurecimento de frutos (S. lycopersicum), a AOX atua como um modulador positivo das
vias de biossintéticas de aminoéacidos, fenilpropandides, acucares e etileno influenciando um
aumento do fluxo respiratdrio e fotossintético, mais eficiente do que em plantas com 0s genes
da AOX nocauteados (WANG et al., 2011; XU et al., 2011; SIRCAR et al, 2012; XU et al.,
2012; OLIVEIRA et al., 2015; ZULET et al., 2015; KEUNEN et al., 2016; DEL-SAZ et al.,
2016; SAKO et al., 2020; WANNIARACHCHI et al., 2018).

Adicionalmente, a AOX esta associada a fotoprotecdo do aparato fotossintético.
Vaérios estudos indicam que a AOX desempenha um papel importante no desenvolvimento dos
cloroplastos, estimulando as vias de biossintese de pigmentos em estagios iniciais (FENG et
al., 2007; XU et al., 2011; TANG et al., 2017). Plantas sob estresses abioticos e com auséncia
de AOX, por nocaute genético, reduziram a eficiéncia do sistema fotossintético, além de
acumularem EROs nos cloroplastos. Isso ocorre porque a AOX in vivo realiza o papel de
receber equivalentes redutores em excesso da fotossintese, induzindo a langadeira Mal-OAA,
evitando a formacdo de EROs nos cloroplastos, permitindo o fluxo de elétrons e o desempenho
estavel da CTEft (FIGURA 6) (XU et al., 2011; YOSHIDA et al., 2011; DAHAL et al., 2014;
VANLERBERGHE et al., 2016; TANG et al., 2017; DAHAL e VANLERBERGHE, 2017;
DEL-SAZ et al., 2018). Além disso, sob elevada irradiacdo a fotorrespiracdo € estimulada,
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consequentemente aumenta a concentragdo de NADPH e a AOX atua no cloroplasto oxidando
esse excesso redutor, evitando danos ao aparato fotossintético (VANLERBERGHE et al.,
2020).

A Figura 6 apresenta o papel da AOX nas funcdes do cloroplasto e da mitocondria.

Figura 6 — Representacao do papel da AOX nas func¢des do cloroplasto e da mitocondria através
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Figura 6 - Para manter a funcdo ideal sob condigdes varidveis, as organelas geram sinais retrogrados capazes de
influenciar a expressdao do gene nuclear da AOX, e a expressdo desta tem capacidade de otimizar 0s processos
metabdlicos desempenhados por essas organelas (fotossintese, biossintese de pigmentos fotossintéticos, via
respiratéria mitocondrial, via alternativa de elétrons). AOX, oxidase alternativa; ROS, espécies reativas de

oxigénio.

Estes resultados indicam que a AOX é uma proteina promissora no combate aos
mais variados estresses, regulando de forma positiva processos celulares essenciais a
manutencdo da homeostase das plantas (NOBRE et al., 2016). Além disso, a AOX é a Unica
enzima de uma via inteira, reduzindo substancialmente os processos regulatérios que
interferem no sucesso do melhoramento genético de plantas (FLAVELL, 2016). Portanto, 0s
dados gerados nesta tese possibilitaram a identificagcdo de marcadores moleculares promissores
nos genes da AOX associados a adaptacdo ambiental. Disponibilizando, assim, conhecimento

para o desenvolvimento de ferramentas biotecnoldgicas para o melhoramento de plantas.
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3. OBJETIVOS

3.1 Objetivo geral

> Identificar os polimorfismos presentes nos genes da AOX em ecotipos de A.
thaliana e O. sativa que causem alteragOes funcionais e estruturais nas enzimas em virtude das

condicOes geograficas de cada ecotipo (clima, pluviosidade e altitude).

3.2 Objetivos especificos

> ldentificar os SNPs presentes na sequéncia nucleotidica dos genes da AOX em
1190 ecdtipos de A. thaliana e 90 ecotipos de O. sativa;

> ldentificar a conex&o entre 0s SNPs ndo-sindbnimos de maior incidéncia com as
condigOes geograficas;

> Predizer as estruturas tridimensionais relativas as modificacbes de maior
ocorréncia em A. thaliana e O. sativa;

» Avaliar o possivel impacto dessas modificacGes na interacdo das AOXs com o

ubiquinol.
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4. MATERIAIS E METODOS

4.1 Conexao entre 0os SNPs e as condic¢des geograficas

4.1.1 Obtencéao das sequéncias dos genes de A. thaliana

As sequéncias gendmicas de 1135 ecétipos de A. thaliana foram adquiridas no
formato fasta do servidor ‘“www.tools.1001genomes.org/pseudogenomes” (The 1001
Genomes Consortium, 2016) através da ferramenta “Pseudogenomes”. Adicionalmente, as
sequéncias de mais 80 ecotipos foram recuperadas através da ferramenta “Polymorph” do
servidor “www.polymorph.weigelworld.org” (CAO et al., 2011). As regides codantes dos
genes da AOX foram obtidas por meio de informac6es sobre a funcéo, a sequéncia e a estrutura
dos genes AOXla/b/c, AOX1d e AOX2 de A. thaliana, depositados no servidor TAIR
(Apéndice A) (RHEE et al., 2003).

As 1215 sequéncias gendmicas, de cada gene, no formato fasta, foram entéo
alinhadas usando a ferramenta “Clustal W” (www.ebi.ac.uk/Tools/msa/kalign) (LARKIN et al.,
2007; GOUJON et al., 2010) e os cinco alinhamentos resultantes (um para cada isoforma)
foram manualmente anotados para remocao de introns e obtencdo de 1215 cDNAs (janelas de
leitura aberta — ORFs) gendmicos deduzidos, e alinhados, para cada isoforma (1215 cDNAs
para AOX1a, 1215 cDNAs para AOX1b, e assim por diante).

Depois, cada alinhamento contendo os 1215 cDNAs deduzidos de cada gene foram
submetidos a ferramenta “Format Converter — HIV  Sequence Database”
(www.hiv.lanl.gov/content/sequence/FORMAT_CONVERSION/form.html) para converté-
los ao formato fasta novamente. Finalmente, as 1215 sequéncias de cDNAs no formato fasta
foram unidas. Os eco6tipos repetidos e/ou que tiveram um sequenciamento de baixa qualidade
foram removidos, reduzindo a quantidade de cDNAs a 1190 ecoOtipos avaliados.

Dessa forma, para cada gene construimos um arquivo contendo 1190 sequéncias
gendmicas de cDNAs deduzidos no formato fasta. Finalmente, pesquisas BLASTp foram
usadas para validar as sequéncias de proteinas deduzidas, comparando-as com sequéncias de
AOX ja anotadas em bancos de dados de proteinas. Cada arquivo, cinco no total (AOX1a/b/c,
AOX1d e AOX2), foi utilizado como base para a identificacdo dos SNPs, comparando-se as
sequéncias de cDNAs genémicos deduzidos ao cDNA do gene referéncia do ecotipo

Columbia-0 (incluido nos 1190 ec6tipos).
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4.1.2 Obtencéao das sequéncias dos genes de O. sativa

As sequéncias genémicas do arroz foram obtidas explorando os Bioprojetos
PRINA422249 e PRIDB5773 da base de dados Arquivos de Sequéncia de Leitura (SRA) do
Centro Nacional de Informacdo Biotecnoldgica (NCBI) (GROEN et al., 2020). Esses
Bioprojetos juntos possuem dados de 90 genomas de diferentes ecotipos de O. sativa
provenientes das mais diversas condi¢Ges geograficas. As sequéncias dos genes de referéncia
adequadas a diferenciar AOX1a/c/e e AOX1d (Apéndice A) (COSTA et al., 2014) foram
utilizadas em extensas pesquisas no BLASTnN, restringindo ao banco de dados dos
experimentos escolhidos dos Bioprojetos. Subsequentemente, os fragmentos genémicos de
cada AOX foram montados para obter os genes (contigs) completos utilizando o Programa de
Montagem de Sequéncias CAP3 (HUANG e MADAN, 1999). Posteriormente, 0s genes
(contigs) construidos foram alinhados e anotados manualmente para geragdo dos cDNAs
deduzidos (ORFs) para cada gene.

Depois, cada alinhamento contendo os 90 cDNAs construidos e deduzidos de cada
gene foram submetidos a ferramenta “Format Converter — HIV Sequence Database”
(Www.hiv.lanl.gov/content/sequence/FORMAT_CONVERSION/form.html) para converté-
los ao formato fasta novamente. Dessa forma, para cada gene construimos um arquivo
contendo 90 sequéncias gendmicas de cDNAs deduzidos no formato fasta. Finalmente,
pesquisas BLASTp foram usadas para validar as sequéncias de proteinas deduzidas,
comparando-as com sequéncias de AOX ja anotadas em bancos de dados de proteinas. Cada
arquivo, quatro no total (AOX1a/c/d/e), foi utilizado como base para a identificacdo dos SNPs,
comparando-se as sequéncias de cDNAs gendmicos deduzidos ao cDNA do gene referéncia

do ecotipo Japonica (incluido nos 90 ecétipos).

4.1.3 ldentificacéo dos polimorfismos de um Unico nucleotideo (SNPs)

Os SNPs foram visualmente identificados através da observacdo da mudanca de
um nucleotideo no alinhamento dos 1190 cDNAs de cada arquivo de A. thaliana e dos 90
cDNAs de cada arquivo de O. sativa, através da ferramenta “Clustal W embutida no software
MEGAX, que permite a visualizacdo por alteracdo na cor do nucleotideo (KUMAR et al.,
2018). O procedimento foi realizado em todos arquivos referentes aos cONAs das 5 AOXs de
A. thaliana e das 4 AOXs de O. sativa.
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Os cDNAs foram entdo traduzidos para identificagdo de SNPs ndo-sinGnimos
(single aminoacids polymorphisms — SAPSs), que acarretam na mudanca do aminoacido,
também através da modificacdo da cor no alinhamento da sequéncia das proteinas, utilizando
a ferramenta de traducdo implantada no software MEGAX. As comparacGes foram
estabelecidas usando os ecotipos A. thaliana cv. Columbia-0, O. sativa cv. Japonica como

referéncia.

4.1.4 Classificacdo das condicdes geograficas de cada ecétipo

Os dados de latitude/longitude para os ec6tipos de A. thaliana encontram-se
disponiveis no servidor “www.1001genomes.org/ecotypes” (The 1001 Genomes Consortium,
2016). Para os ecotipos de arroz, os dados de latitude/longitude encontram-se disponiveis no
Instituto de Pesquisa Internacional do Arroz (IRRI). Os dados de latitude/longitude foram
utilizados para determinar a localidade de cada ecotipo, através do Google Earth App
(GOOGLE INCORPORATION, 2001). Apo6s definidas as localidades de cada ec6tipo de A.
thaliana e arroz, a altitude de cada uma foi determinada através do Google Earth App
(GOOGLE INCORPORATION, 2001) e agrupada em: 0 a 400m, 400 a 700m e acima de
700m. O clima e a pluviosidade da localidade especifica foram determinados através do
servidor ©Climate-Data.Org (www.pt.climate-data.org). O clima foi classificado de acordo
com Koppen-Geiger (KOTTEK et al., 2006); e a pluviosidade foi agrupada em: abaixo de

300mm?®/ano, 300 a 500mm?&/ano, 500 a 700mm?2/ano e acima de 700mm?3/ano.

4.2 Anélises computacionais estruturais

4.2.1 Predicdo das estruturas tridimensionais das proteinas

A sequéncia de aminoacidos dos nove genes da AOX dos ecdtipos referéncia dos
modelos estudados, foi submetida a predicdo das suas estruturas, consistindo apenas da
sequéncia madura, ou seja, foi removida a pré-sequéncia detectada pelas ferramentas Mitoprot
e TargetP (Apéndice B) (CLARQOS, 1995; EMANUELSSON et al., 2007). Assim, as nove
estruturas da referéncia foram preditas através do programa Modeller (WEBB e SALLI, 2014),
utilizando como molde a estrutura cristalizada 3VV9 da AOX de Trypanosoma brucei do
banco de dados PDB (todos com identidade superior a 45%) e foi escolhida a estrutura de

menor funcéo objetiva. Além disso, as sequéncias das nove proteinas foram submetidas aos
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servidores PHYRE2 (KELLEY et al., 2015) e Robetta (KIM et al., 2004). As trés estruturas,
de cada um dos nove genes (27 no total), foram validadas através do servidor MolProbity
(CHEN etal., 2010) e os resultados do grafico Ramachandran (27 no total) foram usados como
critério de selecdo da melhor dentre as trés estruturas, para cada gene. As nove melhores
estruturas foram as preditas pelo servidor Robetta, cinco dos genes da AOX de A. thaliana cv.
Columbia-0 e quatro dos genes da AOX de O. sativa cv. Japonica.

Dentre os genes da AOX de A. thaliana (At_AOX1a/b/c, At AOX1d e At AOX2)
e de arroz (Os_AOX1a/c/e e Os_AOX1d), foram escolhidos todos os SNPs ndo-sinbnimos com
incidéncia maior que 30% dentre os ecotipos estudados. As estruturas polimérficas foram
obtidas diretamente pela alteracdo direta do aminoécido referente na estrutura referéncia
(previamente predita e selecionada) através da ferramenta “Mutagenesis” no software PyMOL
(SCHRODINGER, 2000). As estruturas modificadas foram submetidas a minimizacéo pelo
software Avogrado (HANWELL et al., 2012).

Portanto, 0 modelo do Robetta para a estrutura referéncia da AOX1c de A. thaliana
foi escolhido para continuar as mutagéneses - A161E e G165R; W186R; R242S. Da mesma
forma, os modelos de referéncia de At AOX1d e At AOX2 foram escolhidos para realizar as
mutagéneses D274H e S76F, respectivamente. Assim como, 0 modelo do Robetta para a
estrutura referéncia da AOX1x de O. sativa foi escolhido para continuar as mutagéneses -
A232T & G239R; A232T; G239R. Por exemplo, W186R significa que o triptofano (W) na
posicdo 186 na poteina referéncia foi substituida por uma arginina (R) na proteina mutante.
Todas as estruturas passaram por minimizacéo.

Os ions Fe®* foram adicionados as estruturas com base nas coordenadas dos ions
Fe3* do cristal da proteina AOX de Trypanosoma brucei (Protein Data Bank ID: 3VV9). Ao
final, o potencial eletrostatico de todas as 12 estruturas foi calculado pela ferramenta Adaptive
Poisson-Boltzmann Solver (APBS) no programa PyMOL no pH 8,1 (pH matriz mitochondrial)
(SCHRODINGER, 2000; BAKER et al., 2001; SHEN et al., 2013).

4.2.2 Predicéo de Estruturas Secundarias e Fungao Molecular

A predicdo de estruturas secundarias foi realizada utilizando-se as sequéncias de
aminoacidos dos ecotipos referéncia, Columbia-0 e Japonica, e suas sequéncias polimorficas
(Apéndice B). As sequéncias foram disponibilizadas para a analise do servidor PSIPRED e as

ferramentas utilizadas foram DISOPRED, para previsao de regides de desordem; PSIPRED,
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para a predicdo de estruturas secundarias; e MEMSAT-SVM para a predicdo de regibes
transmembrana (BUCHAN, 2013; NUGENT, 2009; JONES, 2007; JONES, 1994).

4.2.3 “Docking” molecular e diagramas bi-dimensionais

As anélises de “docking” foram realizadas para as estruturas tridimensionais das
AOXs com a estrutura do ubiquinol (ligante — UQH>). A ubiquinona (UQ) foi obtida do Banco
de Dados de Proteinas a partir do complexo cristalino PDB ID: 1YQ3 (DOI:
10.2210/pdb1YQ3/pdb) sob o cddigo Q10 do PDB. A UQ foi convertida & sua forma linear e
duplamente protonada pelo software Avogrado obtendo a molécula de ubiquinol (UQH>), o
ligante. Entdo, a interacdo entre a proteina (receptor) e o ligante foi analisada pelo software
PyRx (DALLAKYAN e OLSON, 2015) que incorpora o programa AutodockVina (TROTT e
OLSON, 2010) seguindo os seguintes parametros: tamanho da caixa de 50 A, modos de ligacao
estabelecidos em nove, exaustividade de 150 e as coordenadas do centro de reacdo serdo as do
carbono-alfa do aminoacido conservado de tirosina (Y220 em T. brucei b.), que foi
estabelecido pelo cristal PDB: 3VV9 como sendo o centro catalitico da enzima e essencial a
atividade (SHIBA et al., 2013).

As analises de docking geraram complexos receptor-ligante para cada proteina e
seus polimorfismos. O modo de ligacdo mais confiavel foi escolhido com base nos resultados
de afinidade de ligacdo (kcal/mol), RMSD (desvio médio quadratico) e a distancia entre o ion
Fe3* do sitio ativo e o ubiquinol (ferramenta de "medicdo" PyMOL). Os complexos ideais
foram submetidos a construcdo do diagrama bidimensional de interagdo com o ligante,
considerando a distancia padrao de 4A, pelo programa Maestro 11.1 (SCHRODINGER, 2017).
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5. RESULTADOS

5.1 SNPs e SAPs nas sequéncias génicas e proteicas da AOX de Arabidopsis e de arroz

Nas analises das sequéncias dos cDNAs dos genes AOX1a/b/c/e, AOX1d e AOX2,
de Arabidopsis e arroz (At_AOX1a, At AOX1b, At AOX1c, At AOX1d, At AOX2, Os_AOXl1a,
Os_AOX1c, Os_AOX1d e Os_AOX1e), identificaram-se diversos SNPs (na adenina — A, na
timina — T, na citosina — C e na guanina — G), dentre estes, varios foram ndo-sinbnimos
(acarretaram a mudanca no aminoacido — AA — da referéncia, Columbia-0 e Japonica,
respectivamente). As mutagcdes com padrdo polimorfico de incidéncia menor que 1%, apesar
de parecerem pouco significativas, também foram computadas, uma vez que, regides génicas
com sequenciamento de méa qualidade podem ter desconsiderado dados reais.

Nos genomas dos 1190 ecdtipos de A. thaliana, foram observados 39 SNPs na
regido codante da At AOXla. As modificacdes mais frequentes foram nos nucleotideos G,
35,9%. A maior incidéncia das transicdes foi de G — A, 23,07% (TABELA 1/APENDICE C).

Tabela 1 — SNPs presentes na regido codante do gene da AOX1a de A. thaliana

SNPs *G6A *G22A *G46A *T47C *G49A T54C *G55A  C59T
Ecotipos 2 45 609 37 1 5 14 5
SNPs T65C T67A  T70G G76A C79T T117C A118C A150C
Ecotipos 1 1 1 48 2 13 54 88
SNPs | A166G G168A Al69G T221C C234T G255T G283C G297A
Ecotipos 56 56 11 48 49 1 1 51
SNPs | G315T C378T A396G A414T A528T A609T T612G A621G
Ecotipos o1 3 1105 44 3 47 3 47
SNPs | T678C A685G C697A C756T G828T G894T G933A
Ecotipos | 47 2 1 1 1 1 93

Tabela 1: Distribuigdo dos polimorfismos encontrados no gene AOX1a em 1190 ec6tipos de A. thaliana. Os
SNPs sdo indicados nas linhas um, trés, cinco, sete e nove seguindo 0 mesmo padrdo de normas de den Dunnen
e Antonarakis, 2001 para a indicacdo de modificacdes de aminoacidos. Por exemplo, G6A significa que o
nucleotideo de guanina (G) presente na posi¢do 6 do gene AOX1a no ecotipo da referéncia (Columbia-0) foi
substituido por um nucleotideo de adenina (A) no ecétipo mutante. A quantidade de ec6tipos mutantes sdo
indicados na linha dois, quatro, seis, oito e dez. C — citosina, G — guanina, A —adenina e T —timina. Os SNPs
ndo-sindnimos, ou seja, aqueles que ocasionaram modificagdo no aminodcido referente s&o indicados com um

asterisco (*).

Para a At_ AOX1b, foram identificados 64 SNPs na regido codante, com as

modificacbes mais frequentes ocorrendo nos nucleotideos C e G, 37,5% e 31,25%, nessa
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ordem. As transi¢des mais frequentes ocorreram de C — T e G — A, 23,4% e 25,3 (TABELA
2/APENDICE D). No cDNA da At_AOX1c observaram-se 25 SNPs e as mudancas mais
frequentes se deram nos nucleotideos T — 36%, sendo a maior ocorréncia de transicoes de T —
C, 28% (TABELA 3/APENDICE E).

Tabela 2 — SNPs presentes na regido codante do gene da AOX1b de A. thaliana

SNPs | *G17A  A20G C31T  *G56A *C71T *A88G *A93T C107T
Ec6tipos 5 1 1 849 24 12 1 31
SNPs | *G108A *G115A *Gl1l16A *All7T *T122C C132T Al1l36T T162G
Ecétipos | 854 854 32 4 8 1 1 828
SNPs | *C164A T186C *G192C *G193A *G202A G216A *T224C G237A
Ecotipos 4 5 2 1 2 1 10 1
SNPs | *G299A A321G *T326A *C362T *C367G *C368T C376T *G404C
Ecotipos 3 1 1 226 1 6 1 7
SNPs | G408A *C418G G435A *G443A *C515T *C523T *AL63G *G594T
Ecotipos 33 8 58 1 2 3 27 2
SNPs | C627G C627T T639C T645G *C648G *C652G *A658G C663T
Ecotipos 11 3 5 10 11 6 10 10
SNPs | *G682C C688T T693C *C697A *C786A C815T *A831G *G846A
Ecdtipos 1 1 5 1 1 3 11 11
SNPs | G854A *C864T *G886A *C894T T897C *C931A *T960C A971T
Ecotipos 1 4 2 66 6 1 80 1

Tabela 3 — SNPs presentes na regido codante do gene da AOX1c de A. thaliana

SNPs T9C *T60G  *A62T *T83A  T99C *G1l44A *C1l46A T210C

Ecotipos 6 163 731 706 685 206 1 1
SNPs | A230G *A295C *C482A G486C *G487A *G493A T501C *T556C

Ecotipos 205 342 424 424 424 424 1078 1078
SNPs | *G574C T588C *C629A *G667T *C710T T723C *C724A *AT737G

Ecotipos 335 324 324 331 104 922 922 209

SNPs | *A836C
Ecétipos | 203

Para a At AOX1d, foram detectados 44 SNPs na regido codante, com as
modificacbes mais frequentes ocorrendo nos nucleotideos A e C, 29,55% nos dois. As
transicdes mais repetidas aconteceram de A — G e C — T, 20,45% para ambos (TABELA
4/APENDICE F). No cDNA da At_AOX2 observaram-se 25 SNPs, em que as modificacdes
predominantes ocorreram nos nucleotideos T e C — 28%, igualmente, nos quais a maior
ocorréncia de transicdes foram de T— C e C — T, 16% em ambas (TABELA 5/APENDICE G).

Tabela 4 — SNPs presentes na regido codante do gene da AOX1d de A. thaliana
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SNPs *C34T *T38G  A39G A42C  *A112G *T200A G234A *A238G
Ecotipos 1 1 10 8 144 46 1 25
SNPs | *T265A *A268T A291G *C299T *G301A *G313A *C320G *A331G
Ecotipos 25 25 1 25 14 1 1 270
SNPs T342C *A352G *C368T *A374G *C377A A387T T393G *G427A
Ecdtipos 55 271 55 71 271 33 56 18
SNPs | *C428T A438C *A440G *G469A *C538T C570G *C586T *C595T
Ecdtipos 18 271 271 3 56 271 271 271
SNPs | *T623C *C624G G627A *T652A *A653G *C691T *C692T *G712A
Ecdtipos 10 271 967 271 14 4 2 1
SNPs | G718A *T756G G820C *G928A
Ecotipos 6 3 427 27

Tabela 5 — SNPs presentes na regido codante do gene da AOX2 de A. thaliana

SNPs *C80A *C179G *T186G G224A *C227T *A242T *T266G G384C
Ecétipos 3 1 1 114 1085 104 1 102
SNPs C456G  *A457G *A516C A552C A568G *T581C T585G *A596T
Ecétipos 5 26 1 3 2 255 6 1
SNPs *C599T T618C *T632C *C700T *T719C *A821G A822T *A862C
Ecotipos 1 2 36 90 1 126 1 2
SNPs | *C1045T
Ecotipos 6

Nos genomas dos 90 ecotipos de O. sativa, foram observados 39 SNPs na regido
codante da Os_AOX1a. As modificacdes mais frequentes foram nos nucleotideos T e C, 30,7%
para ambos, com a maior incidéncia das transices de T— G e C— G, 15,4% nas duas (TABELA
6/APENDICE H). Para a Os_AOX1c, foram detectados 81 SNPs na regido codante, com as
modificagbes mais frequentes ocorrendo nos nucleotideos G, 42,7%. As transicdes de maior
repeticdo foram as de G — A, 29,25% (TABELA 7/APENDICE I). No cDNA da Os_AOX1d
observaram-se 19 SNPs, em que as modificagdes predominantes ocorreram nos nucleotideos
A — 36,8%, nos quais a maior ocorréncia de transicdes foi de A — C, 26,3% (TABELA
8/APENDICE J). No cDNA da Os_AOXle observaram-se 52 SNPs e as mudangas mais
frequentes se deram nos nucleotideos T — 44,2%, sendo a maior ocorréncia de transicdes de T
— G, 28,85% (TABELA 9/APENDICE K).

Tabela 6 — SNPs presentes na regido codante do gene da AOX1a de O. sativa

SNP T36G *A61C  *A73G *T112G *Al120G *A126G *T143G *T151G

Ecétipos 2 2 2 2 3 2 3 3
SNP *T163G *T172G *G213T C258G *G289A *T313C G366A T459C
Ec6tipos 4 2 12 2 10 2 2 4

SNP C462G  C525G C537G  Gb543C  *G555C *A574G  *A574C  Ce660T
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Ecdtipos 3 6 5 4 2 2 2 2
SNP *G676C G702C  T705C  C711T *C712G *T724C *G771C *T782A

Ecdtipos 3 7 9 2 2 11 12 12
SNP *C793A *C813G T822C C825A *G829C (C855T  C930T

Ecotipos 10 4 3 2 3 2 8

Tabela 6: Distribuicdo dos polimorfismos encontrados no gene AOX1a em 90 ecétipos de O. sativa. Os SNPs sdo

indicados nas linhas um, trés, cinco, sete e nove seguindo 0 mesmo padrdo de normas de den Dunnen e

Antonarakis, 2001 para a indicacdo de modificacfes de aminoacidos. Por exemplo, T36G significa que o

nucleotideo de timina (T) presente na posicdo 36 do gene AOXla no ec6tipo da referéncia (Japonica) foi

substituido por um nucleotideo de guanina (G) no ec6tipo mutante. A quantidade de ec6tipos mutantes sdo

indicados nas linhas dois, quatro, seis, oito e dez. C — citosina, G — guanina, A — adenina e T — timina. Os SNPs

ndo-sindnimos, ou seja, aqueles que ocasionaram modifica¢do no aminodcido referente sdo indicados com um

asterisco (*).

Tabela 7 — SNPs presentes na regido codante do gene da AOX1c de O. sativa

SNP *T29C  *T32C *A38C *A64C *G109C Al120G C126G *T128G
Ecétipos 2 2 2 2 2 3 2 5
SNP | *C140G *C150A *T157C *G160C *G166C G168C *Al181G *A200C
Ecétipos 2 18 2 2 2 32 2 2
SNP C210T *T346G *T398G *G466A C498T *G553A G573C  G576C
Ecotipos 2 2 2 4 2 2 5 7
SNP | *G581A (C582G C585G *Ch94G CHI7T *G602A C609A *G611A
Ecotipos 4 6 2 7 2 4 23 5
SNP C612G  C619T G621A *A634C *C646G C649A C651G C657G
Ecotipos 2 4 9 2 2 2 7 2
SNP C660T *A661C *T668C C672G *G675C G678A *G680A *G694A
Ecotipos 2 2 8 8 8 8 8 60
SNP G696C  C699T *G706A *G709A *T710A *G715C *G730A *C739A
Ecétipos 10 7 8 4 3 66 7 5
SNP C741G *G742A C744T G753C C763T T779C G793A T808C
Ecétipos 6 3 5 77 4 2 5 8
SNP G817A  T833A GB841A *G852C *C861T GB864A *C865T C879T
Ecotipos 12 13 4 3 11 12 3 4
SNP G890A GB898A G925A G928A G935A G940A A948G  C969T
Ecotipos 5 3 4 10 10 8 18 14
SNP G975A
Ecotipos 17

Tabela 8 — SNPs presentes na regido codante do gene da AOX1d de O. sativa

SNP *T56C  C63G  *A74C *G163C *Al77C *C202A C218G A233C
Ecétipos 4 2 3 2 2 2 3 2
SNP *A418G *T422G *T427G *T431C C552T *T574C *T587C *A602G
Ecdtipos 4 2 2 2 2 2 2 2
SNP C627G  A648C *AT791C
Ecdtipos 2 2 2
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Tabela 9 — SNPs presentes na regido codante do gene da AOX1e de O. sativa

SNP *T27C  G39C  *T71G  C81G  *T88C  *T95G *T116G *G122A
Ecdtipos 2 2 4 2 3 3 2 30
SNP *T149G *G173C *T175C *T194G C198G T201G *T209G *A211G
Ecdtipos 4 2 6 8 3 2 2 2
SNP A252G *C269A A309G *T320G *T322G *T328G *T331G *C533G
Ecotipos 3 2 4 2 2 3 2 4
SNP *T549C T555G G561C G564C G567C *T586G G633A  G633C
Ecotipos 6 4 9 3 4 2 3 2
SNP G639C *AT716C *A728C T741C *T746C *A767C *AT773G *AT776G
Ecotipos 2 2 2 3 2 4 5 3
SNP *T785G C843T C849G *A866C *T875C *G880C *G896C *A899C
Ecétipos 2 2 2 3 3 2 3 2
SNP *T920C *A907C *A923C T978G
Ecétipos 3 2 2 3

Nas andlises das sequéncias proteicas foi possivel identificar os SNPs nao-
sinbnimos — SAPs (que acarretam na mudanca do AA) em relacdo as sequéncias proteicas das
AOX dos ecétipos referéncia, de Arabidopsis e arroz (At AOX1a, At AOX1b, At AOXlc,
At_AOX1d, At AOX2, Os_AOX1la, Os_ AOX1c, Os AOX1cd e Os_AOXl1le), Columbia-0 e
Japonica, respectivamente.

Em A. thaliana, observaram-se 8 SAPs na sequéncia proteica da At AOX1a,
destes, 5 acarretaram na mudanga para AA de classes diferentes (TABELA 10/APENDICE L).
Na At_AOX1b foram identificados 40 SAPs na sequéncia da proteina, em que, 28 destes
ocasionaram a mudanca para AA de classes diferentes (TABELA 11/APENDICE M). Para
At_AOX1c, 17 SAPs foram revelados em sua sequéncia primaria, com 13 deles modificando
a classe dos AA (TABELA 12/APENDICE N). Detectaram-se 34 SAPs na sequéncia proteica
da At AOX1d, dentre estes, 26 resultaram em AA de classes diferentes (TABELA
13/APENDICE O). Por fim, para At AOX2 foram identificados 22 SAPs na sequéncia da
proteina, onde, 28 destes mudaram para AA de classes diferentes (TABELA 14/APENDICE
P).

Tabela 10 — SAPs presentes na sequéncia primaria da proteina AOX1a de A. thaliana

VaXaA‘?ao M2l *A8T  V16M  *V16T *A17T *GI19R E85D  *G95R
Ecotipos 2 45 609 37 1 14 1 1

Tabela 10: Distribuicdo das modificacGes de aminoacidos encontradas na sequéncia proteica da AOX1a em 1190

ecotipos de A. thaliana. As modificacdes sdo indicadas na linha um seguindo as normas de den Dunnen e
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Antonarakis, 2001. Por exemplo, M2l significa que o AA de metionina (M) presente na posi¢do 2 da sequéncia
proteica da AOX1a no ec6tipo da referéncia (Columbia-0) foi substituido por um AA de isoleucina (I) no ecétipo
mutante. A quantidade de ec6tipos mutantes séo indicados na linha dois. A —alanina, R —arginina, N — asparagina,
D — aspartato, C — cisteina, Q — glutamina, E — glutamato, G — glicina, H — histidina, | — isoleucina, L — leucina,
K — lisina, M — metionina, F — fenilalanina, P — prolina, S — serina, T — treonina, W — triptofano, Y — tirosina, V
— valina. Os aminoécidos que mudaram para aminoacidos de classes diferentes sdo indicados com um asterisco

().

Tabela 11 — SAPs presentes na sequéncia priméria da proteina AOX1b de A. thaliana

Vaotlo| ReH S9N *P24L  *T30A E3ID  *P3BL *G3VR  G3OK
Ecltipos | 5 849 24 12 1 31 818 32
Vazfao *G39S  V41A  *T55K  *K64N *A65T *G68S  *I75T R100K
_Ecétipos | 4 8 4 2 1 2 10 3
V""XZ@&O *L109Q *T1211 *P123A *P123L RI135P L140V *C148Y *S172L
Ecotipos 1 226 1 6 7 8 1 2
VarAiZ‘?éo *R175W *E188G M1981  I1215M *Q218E 1220V *G228R *P233T
Ecltipos | 3 27 2 10 6 11 1 1
Vazfao *H262Y *T277A *D282N *H288Y S296N  *P298S *P311Q *S320P
Ecotipos 1 11 11 4 2 66 1 80

Tabela 12 — SAPs presentes na sequéncia priméria da proteina AOX1c de A. thaliana

Vazi\géo 120N *N211 *L.28H M43l *T49K  *K99Q *Al6lE V163l
Ecotipos 163 731 706 206 1 342 424 424
Va}:i?ao *G165R *WI186R *E192Q *P210H *G223W P237L *R242S *Y246C
Ecotipos 424 1078 335 324 331 104 922 209
Va;ii?éo *Y279S

Ecotipos 203

Tabela 13 — SAPs presentes na sequéncia primaria da proteina AOX1d de A. thaliana

VarAiaA‘?éo *P12S  *V13G *N38D *V67D *T80A *WB89R *N9OY *P100L
Ecotipos | 1 2 144 46 25 25 25 25
VaZif?éo *D10IN *D105N T107S *K111E *K118E *T123I *Q125R T125N
Ecotipos | 14 1 1 270 271 55 71 271
VarAiaA‘?ao *A143T Al143V  *E147G *G157R L180F L196F *P199S *F208S
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18 18 271 3 56 271 271 10
Va;'fao F208L *Y218N *Y218C *R231C *R231L E238K *A240T D252E
Ecétipos | 271 271 14 4 2 1 6 3
Variacdo | , -

VA D274H *E310K
Ecotipos 427 27

Tabela 14 — SAPs presentes na sequéncia priméria da proteina AOX2 de A. thaliana
VaXif?ao *S27Y  *S60C  *H62Q S75N  *S76F  *ESIV  *V89G M128I
Ecotipos 3 1 1 114 1085 104 1 102
Va;'\fao DI52E  *K153E *R172S MI190V *M194T *K1991 *S200L *I211T
Ecotipos 5 26 1 2 255 1 1 36
VaXZ‘?aO *P234S  *L240P *E274G [E274D *N288H *P349S
Ecotipos 90 1 126 1 2 6

Enquanto para O. sativa, identificaram-se 23 SAPs na sequéncia proteica da

Os_AOXla, destes, 18 acarretaram na mudanga para AA de classes diferentes (TABELA
15/APENDICE Q). Na Os_AOX1c foram identificados 38 SAPs na sequéncia da proteina, em

que, 27 destes ocasionaram a mudanca para AA de classes diferentes (TABELA
16/APENDICE R).

Tabela 15 — SAPs presentes na sequéncia priméria da proteina AOX1a de O. sativa

VoG] «T21p  *T25A F38V  *AMOG  *GA2R  *VASG *LSIW  *S55A
Ecotipos 2 2 2 3 2 3 3 4
VarAiaA‘?ao *S57TA  *K7IN *D97N  *C105R *K185H *T192A *T192P *G226R
Ecotipos 2 12 10 2 2 2 2 3
Vaz%éo L238V  F242L *S257P *F26lY L2651 D271E *A277P
Ecotipos 2 11 12 12 10 4 3

Tabela 15: Distribuicdo das modificaces de aminoacidos encontradas na sequéncia proteica da AOX1a em 90

ecétipos de O. sativa. As modificagdes sdo indicadas na linha um, trés e cinco seguindo as normas de den Dunnen

e Antonarakis, 2001. Por exemplo, T21P significa que o AA de treonina (T) presente na posi¢do 21 da sequéncia

proteica da AOX1a no ecétipo da referéncia (Columbia-0) foi substituido por um AA de prolina (P) no ec6tipo

mutante. A quantidade de ec6tipos mutantes sdo indicados na linha dois, quatro e seis. A — alanina, R — arginina,

N —asparagina, D —aspartato, C — cisteina, Q — glutamina, E — glutamato, G —glicina, H — histidina, | —isoleucina,

L — leucina, K — lisina, M — metionina, F — fenilalanina, P — prolina, S — serina, T — treonina, W — triptofano, Y —
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tirosina, V — valina. Os aminoacidos que mudaram para aminoacidos de classes diferentes sdo indicados com um

asterisco (*).

Tabela 16 — SAPs presentes na sequéncia priméria da proteina AOX1c de O. sativa

Vaﬂi‘fé" *L10P  *L11P  H13P  S22T *G37R *V43G *A47G  *L50R
Ecotipos 2 2 2 2 2 S 2 18
Vaﬂi‘féo *S53P  *ABAP  *AS6P  *T61A  N67T *WI116G *L133R V156M
Ectipos 2 2 2 2 2 2 2 4
Vazi?ao *G185S *R194H *H198Q *G201D *R203H *N212H *H216D M221L
Ec6tipos 2 4 7 4 5 2 2 2
VaXaA‘?ao V223A *K225N  R227K  *A232T *A236T V2371 *V237D *G239R
Ectipos 8 8 8 60 8 4 3 66
Vaﬂ?féo *A244T L2471 *G248S E284D P287R  *P289S

Ecotipos 7 5 6 3 11 3

Para Os_AOX1d, 13 SAPs foram revelados em sua sequéncia primaria, com 12
deles modificando a classe dos AA (TABELA 17/APENDICE S). Finalmente, detectaram-se

34 SAPs na sequéncia proteica da Os_AOX1e, dentre estes, 33 resultaram em AA de classes

diferentes (TABELA 18/APENDICE T).

Tabela 17 — SAPs presentes na sequéncia priméria da proteina AOX1d de O. sativa

V""XZ‘?E‘O *F19S  *Y25S  *AB5P  E59D  *P68T *T140A *V141G *S143A
“Ecétipos | 4 3 2 2 2 2 4 2
Vazif?éo *L144P *WI192R *L196P *E201G *Y264S

Ecltipos | 2 2 2 2 2

Tabela 18 — SAPs presentes na sequéncia primaria da proteina AOX1e de O. sativa

VarAi%ao *ROL  *V24G  *S30P  *V32G *L39R *R4IQ *V50G  *R58P
Ecotipos 2 4 3 3 2 30 4 2
Vaziféo F5OL  *V65G  *V70G *T71A *A90E *V107G *W108G *W110G
_Ecétipos | 6 8 2 2 2 2 2 3
Vaziféo *S111A  *AL78G *W196G *Y239S *Y243S *F249S *Y256S *E258G
Ecotipos 2 4 2 2 2 2 4 5
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Va;'féo *E250G  *V262G  *Y289S *L292P *A294P *R299T *D300A *V301A
Eco6tipos 3 2 3 3 2 3 c 3
Variagéo | , *

AA M303L *D308A

Ecotipos 2 2

Os SAPs que tiveram incidéncia acima de 30%, dentre a populacdo de ecotipos
estudados, acarretaram na mudanca de classe do AA e pertenceram a sequéncia da proteina
madura (com a pré-sequéncia removida) foram escolhidos para serem relacionados as
condicbes geograficas: altitude, clima e pluviosidade. Esses parametros de selecdo foram
identificados para as proteinas AOX1c, AOX1d e AOX2 de A. thaliana, e para a proteina
AOX1c de O. sativa. Na proteina At AOX1c, destacaram-se ecOtipos com uma maior
ocorréncia de mudancas de AA nas posi¢coes A161T (35,6%), G165R (35,6%), W186R
(90,6%) e R242S (77,5%) (APENDICE N). Enquanto para as proteinas At AOX1d e
At_AOX2, apenas uma mudanca destacou-se, em cada uma, seguindo 0s parametros
estabelecidos. Na At AOX1d destacaram-se ecotipos com uma modificacdo de AA na posicao
D274H (35,8%) (APENDICE 0). E, para a At_AOX2, distinguiram-se os ec6tipos com a
mudanca S76F (91,1%) (APENDICE P). Para a proteina Os_AOX1c, destacaram-se ecotipos
com uma maior ocorréncia de alteracdes de AA nas posicdes A232E (66,6%) e G239R (73,3%)
(APENDICE R).

E importante ressaltar, que as modificacdes nas posicdes 161 e 165 da AOX1c de
Arabidopsis, e 232 e 239 da AOXlc de arroz ocorreram juntas em 100% e 90,9%,
respectivamente, dos ecétipos nos quais estiveram presentes, por isso, sdo analisadas
conjuntamente. Por fim, as proteinas referentes a essas alteracbes foram denominadas:
At_AOX1c_A161E&G165R, At AOX1c W186R, At AOX1c R242S, At AOX1d_D274H,
At_AOX2_S76F, Os_AOX1c_A232T, Os_AOX1lc _G239R e Os_AOX1lc A232T&G239R.
Obviamente, as proteinas que concernem as referéncias foram denominadas At AOX1c_Ref,
At_AOX1d_Ref, At AOX2_Ref, para Arabidopsis, e Os_ AOX1c_Ref, para o arroz.

5.2 Conexdes entre os SNPs/SAPs e as condicdes geograficas

Uma conexdo foi considerada presente quando os seguintes parametros foram
atendidos: se a populacdo pertencente a determinada condicdo geografica abrange 20 ou mais
individuos; e, desta populacdo, se 50% ou mais apresentaram a modificacdo de AA

especificada. Para a At_ AOXLc, as trés sequéncias polimorficas predominantes exibiram uma
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conexdo com as condicbes geograficas (APENDICE U). Especificamente, as modificacdes
conjuntas — At_ AOX1c_A161E&G165R — sugerem uma ligagcdo com a elevada pluviosidade.
Dentre todos os ecOtipos mutantes nessas posicdes, 72,9% pertencem a condicéo de elevada
pluviosidade (> 700mm?®/ano). Detalhadamente, os ecotipos At AOX1c A161E&G165R
apresentaram, principalmente, conexdo com a altitude de 0 — 400m e a precipitagdo acima de
700 mm®/ano; ademais com a altitude acima de 700m e a pluviosidade de 500 — 700 mm?3/ano
e acima de 700mm®/ano (FIGURA 7 e TABELA 19).

A Figura 7 apresenta as conexdes identificadas entre os SAPs A161E e G165R da
AOX1c de A. thaliana e as condi¢des geogréficas.

Figura 7 — Conexdes entre os SAPs A161E e G165R da AOX1c de A.

thaliana e as condicdes geograficas

(Clima)
Csa - - (Pluviosidade)
0 — 300mm?/ano
300 — 500 mm?/ano
Cfa - -
500 — 700 mm?/ano
- > 700 mm?3/ano
Dfa - -
At AOXlc
- ) ) _AI61E&GI65R
Ctb -

68,2

0-400m ' 400-700m = >700m  (Altitude)

Figura 7: Conexdo entre as condi¢Bes geogréficas e a quantidade de ecdtipos polimorficos com mudancas nos AA
da AOX1c de A. thaliana nas posicGes 161 (A161E) e 165 (G165R). A escala de cinza especificada demonstra o
indice de precipitagdo. O eixo vertical do grafico apresenta os climas especificados — Csa, Cfa, Dfa, Dfb e Cfb. E
0 eixo horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo,
0 quadrado no extremo direito inferior do gréfico informa que dos ec6tipos que pertencem ao clima Cfb, a
pluviosidade de 500 — 700mm?%ano e a altitude superior a 700m, 68,2% possuem as modificagdes polimdrficas
A161E&G165R. Enquanto, dos ecétipos que pertencem ao clima Cfb, a pluviosidade > 700mm?®/ano e a altitude

superior a 700m, 75,5% possuem as modificacbes polimorficas A1I61E&G165R.
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Ainda para a At_AOX1c, a modificacdo — At AOX1c_W186R — parece ter uma
ligacdo com a elevada altitude e pluviosidade. Dentre todos os ecotipos mutantes nessa posic¢ao,
87,9% pertencem a condicdo de elevada altitude (> 400m) e 46,6% a pluviosidade acima de
700mm?®ano. Detalhadamente, os ecétipos At AOX1c W186R apresentaram, sobretudo,
ligacdo com a altitude de 0 — 400m e a precipitacdo acima de 500 mm?3/ano; ademais com a
altitude acima de 400m e a pluviosidade acima de 700mm?/ano (FIGURA 8 e TABELA 19).

A Figura 8 apresenta as conexdes entre 0 SAP W186R da AOX1c de A. thaliana e

as condicdes geograficas.

Figura 8 — Conexdes entre o SAP W186R da AOX1c de A. thaliana e as
condicdes geograficas
(Clima)

Csa (Pluviosidade)

0 — 300mm?3/ano

85,7

Cfa
300 — 500 mm3/ano

500 — 700 mm?3/ano
93,1 95,5
B > 700 mm3/ano

Cfb

Dfa

95,8
Df | - : At_AOXlc_WI186R
Dfe 1100 - -
Csb ] - 83,3

0-400m |40()-700m[ >700m (Altitude)

Figura 8: Conexdo entre as condi¢des geograficas e a quantidade de ecotipos polimérficos com mudanga no AA
da AOX1c de A. thaliana na posicdo 186 (G186R). A escala de cinza especificada demonstra o indice de
precipitacdo. O eixo vertical do grafico apresenta os climas especificados — Csa, Cfa, Cfb, Dfa, Dfb Dfc e Csb. E
0 eixo horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo,
0 quadrado no extremo direito inferior do grafico informa que dos ec6tipos que pertencem ao clima Csb, a
pluviosidade de 300 — 500mm?3/ano e a altitude superior a 700m, 83,3% possuem a modificacdo polimérfica
G186R.

Tabela 19 — Quantidade de ec6tipos que apresentaram conexdes entre as condi¢des geograficas
e 0s SAPs A161E e G165R; W186R; e R242S da AOX1c de A. thaliana
| Altitude (m) | Clima | Pluviosidade | SAP |




(mm?3/ano) At AOXl1lc_ | At AOXlc_ | At AOXlc_
Al61T&G165R W186R R242S
18 de 21 16 de 21
500 a 700 - ecotipos ecotipos
Csa 85,7% 76,2%
59 de 94 83 de 94 69 de 94
> 700 ecotipos ecotipos ecotipos
62% 88% 73%
37 de 65 40 de 65 44 de 65
Cfa > 700 ecotipos ecotipos ecotipos
57% 93,8% 67,7%
243 de 261 190 de 261
500 a 700 - ecotipos ecotipos
Ctb 93,1% 72,8%
143 de 171 120 de 171
> 700 - ecotipos ecotipos
83,6% 70,2%
02400 59 de 70 70 de 70
Dfa > 700 ecotipos ecotipos -
84,3% 100%
23de 24 19 de 24
300 a 500 - ecotipos ecotipos
95,8% 79%
80 de 106 72 de 106
Dfb 500 a 700 - ecotipos ecotipos
75,5% 68%
23 de 30 28 de 30
> 700 ecotipos ecotipos -
76,6% 93,3%
32de 32 32de 32
Dfc 500 a 700 - ecotipos ecotipos
100% 100%
15de 16 13 de 16
300 a 500 - ecotipos ecotipos
Csa 93,7% 81,2%
8dell 8de 1l
500 a 700 - ecotipos ecotipos
72,7% 72,7%
400 700 11 de 13 10 de 13
Cfa > 700 - ecotipos ecotipos
84,6% 77%
11de 13 10 de 13
Cfb 500 a 700 - ecotipos ecotipos
84,6% 77%
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27 de 32 22 de 32

> 700 - ecotipos ecotipos

84,3% 68,7%

12 de 13 12 de 13

500 a 700 - ecotipos ecotipos

92,3% 92,3%

Dfb 20de 21 20de 21

> 700 - ecotipos ecotipos

95,2% 95,2%

11de 15 11de 15

300 a 500 - ecotipos ecotipos

Csa 73,3% 73,3%

10de 11 10de 11

500 a 700 - ecotipos ecotipos

90,9% 90,9%

20 de 24 18 de 20

> 700 Csb 300 a 500 - ecotipos ecotipos
83,3% 75%

15 de 22 21 de 22 15 de 22

500 a 700 ecotipos ecotipos ecotipos

Ctb 68,2% 95,5% 68,2%

34 de 45 28 de 45 24 de 45

> 700 ecotipos ecotipos ecotipos

75,5% 62,2% 53,3%

Por fim, na At AOX1c, amodificacdo — At AOX1c_R242S —sugere uma conexao

com a elevada altitude. Dentre todos os ec6tipos mutantes nessa posicdo, 71,2% pertencem a
condicdo de elevada altitude (> 400m). Detalhadamente, os ecétipos At AOX1c R242S

apresentaram, sobretudo, conexdo com a altitude de 0 — 400m e a precipitacdo acima de 500

mm?®ano; ademais com a altitude acima de 400m e a pluviosidade acima de 700mm?3/ano

(FIGURA 9 e TABELA 19).
A Figura 9 apresenta as conexdes entre 0 SAP R242S da AOX1c de A. thaliana e

as condigdes geograficas.

Figura 9 — Conex0es entre 0 SAP R242S da AOX1c de A. thaliana e as

condigdes geograficas
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(Clima)

Csa (Pluviosidade)

0 — 300mm?3/ano
Cfa

300 — 500 mm3/ano
500 — 700 mm3/ano

B > 700 mm¥/ano

Cfb

Dfb

Dfc

At AOXlc R242S

Csb

- - 75

0-400m ‘4()0—700m‘ >700m (Altitude)
Figura 9: Conexdo entre as condi¢des geogréficas e a quantidade de ecotipos polimérficos com mudanga no AA
da AOX1c de A. thaliana na posicdo 242 (R242S). A escala de cinza especificada demonstra o indice de
precipitacdo. O eixo vertical do gréfico apresenta os climas especificados — Csa, Cfa, Cfb, Dfb Dfc e Csh. E o
eixo horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo, 0
quadrado no extremo direito inferior do grafico informa que dos ec6tipos que pertencem ao clima Csb, a

pluviosidade de 300 — 500mm?/ano e a altitude superior a 700m, 75% possuem a modificacdo polimorfica R242S.

Para a At_ AOX1d, a modificacdo — At AOX1d D274H — parece estar conectada
com a elevada altitude e pluviosidade. Dentre todos 0s ec6tipos mutantes nessa posic¢éo, 95,5%
pertencem a condicdo de elevada altitude (> 400m) e 49,1% a pluviosidade acima de
700mm?®/ano. Detalhadamente, os ecotipos At_ AOX1d_D274H apresentaram, principalmente,
uma ligacdo com a altitude de 0 — 400m e a precipitagio acima de 500 mm?/ano; ademais com
a altitude acima de 400m e a pluviosidade acima de 500mm?/ano (FIGURA 10 e TABELA 20
e APENDICE V). Finalmente, na At_AOX2, a modificacio — At AOX2_S76F — sugere que
h& uma conexdo com a elevada altitude e pluviosidade. Dentre todos 0s ecOtipos mutantes
nessa posicao, 74,3% pertencem a condicédo de elevada altitude (> 400m) e 45% a pluviosidade
acima de 700mm?®ano. Detalhadamente, os ecétipos At AOX1c_S76F apresentaram,
sobretudo, conex&o com a altitude de 0 —400m e a precipitagio acima de 500 mm?®/ano; e mais,
com a altitude acima de 400m e a pluviosidade acima de 700mm?/ano (FIGURA 11e TABELA
20 e APENDICE V).

A Figura 10 apresenta as conexdes entre 0 SAP D274H da AOX1d de A. thaliana

e as condicOes geograficas.
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Figura 10 — Conexdes entre o SAP D274H da AOX1d de A. thaliana e as

condicdes geogréficas

(Clima)
Csa - - (Pluviosidade)
0 — 300mm?3/ano
Dib 300 — 500 mm?/ano
5 457 - - 500 — 700 mm?¥/ano
1 - > 700 mm?/ano
e | 62,5 - -
- At AOX1d D274H
ch| - 583 -
Cib - -
63,3

0-400m ' 400-700m = >700m  (Altitude)

Figura 10: Conexdo entre as condigdes geograficas e a quantidade de ecétipos polimérficos com mudanga no AA
da AOX1d de A. thaliana na posi¢do 274 (D274H). A escala de cinza especificada demonstra o indice de
precipitacdo. O eixo vertical do grafico apresenta os climas especificados — Csa, Dfb, Dfc, Csh e Cfh. E 0 eixo
horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo, o Gnico
quadrado no centro do grafico informa que dos ec6tipos que pertencem ao clima Csb, a pluviosidade de 300 —

500mm?¥/ano e a altitude de 400 — 700m, 58,3% possuem a modificagéo polimérfica D274H.

Tabela 20 — Quantidade de ecétipos que apresentaram conexdes entre as condi¢des geograficas
e 0s SAPs D274H e S76F, da AOX1d e AOX2 de A. thaliana, respectivamente

. . Pluviosidade SAP
Altitude (m) | Clima | = son0) At AOXId D274H | At AOX2 ST6F

11de 21 21 de 21
500 a 700 ecotipos ecotipos

Csa 52,4% 100%
54 de 94 93 de 94
0 a 400 > 700 ecotipos ecotipos
57,5% 98,9%
63 de 65
Cfa > 700 - ecotipos

96,9%




Cfb

500 a 700

208 de 261
ecotipos
79,7%

> 700

147 de 171
ecotipos
86%

Dfa

> 700

63 de 70
ecotipos
90%

Dfb

300 a 500

23 de 24
ecotipos
95,8%

500 a 700

58 de 106
ecotipos
54,7%

77 de 106
ecotipos
72,6%

> 700

30de 30
ecotipos
100%

Dfc

500 a 700

20 de 32
ecotipos
62,5%

32de 32
ecotipos
100%

400 a 700

Csa

300 a 500

11 de 16
ecotipos
68,7%

16 de 16
ecotipos
100%

500 a 700

10 de 11
ecotipos
90,9%

Cfa

> 700

8de13
ecotipos
61,5%

12 de 13
ecotipos
92,3%

Cfb

500 a 700

13 de 13
ecotipos
100%

> 700

31de32
ecotipos
96,9%

Dfb

500 a 700

8 de 13
ecotipos
61,5%

13 de 13
ecotipos
100%

> 700

21de 21
ecotipos
100%

> 700

Csa

300 a 500

11 de 15
ecotipos
73,3%
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10 de 11
500 a 700 - ecotipos

90,9%
14 de 24 24 de 24
Csb 300 a 500 ecotipos ecotipos
58,3% 100%
14 de 22 22 de 22
500 a 700 ecotipos ecotipos

63,3% 100%
Cfb 34 de 45 40 de 45
> 700 ecotipos ecotipos

75,5% 88,8%
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A Figura 11 apresenta as conexdes entre 0 SAP S76F da AOX2 de A. thaliana e as

condicdes geograficas.

Figura 11 — Conexdes entre 0 SAP S76F da AOX2 de A. thaliana e as

condicdes geogréficas
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Figura 11: Conexdo entre as condi¢des geograficas e a quantidade de ecdtipos polimdrficos com mudanga no AA

da AOX2 de A. thaliana na posicao 76 (S76F). A escala de cinza especificada demonstra o indice de precipitagao.

O eixo vertical do gréafico apresenta os climas especificados — Csa, Cfa, Cfb, Dfa, Dfb, Dfc e Csh. E o eixo

horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo, o
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quadrado no extremo direito inferior do grafico informa que dos ecdtipos que pertencem ao clima Csh, a

pluviosidade de 300 — 500mm?/ano e a altitude superior a 700m, 100% possuem a modifica¢do polimérfica S76F.

Em relag&o ao clima, nenhuma correlagéo relevante foi demonstrada, uma vez que,
os climas Csa, Csb, Cfa, Cfb, Dfa, Dfb e Dfc séo temperados e continentais, com temperaturas
médias mais frias e mais quentes de -3°C e 15°C.

Para a Os_AOXlc, as duas sequéncias polimorficas predominantes exibiram
conexdes com as condicdes geograficas (APENDICE W). Especificamente, a modificagio —
Os_AOX1c_A232T — parece estar ligada a elevada altitude e pluviosidade. Dentre todos 0s
ecOtipos mutantes nessa posicéo, 84,85% pertencem a condicdo de elevada altitude (> 400m)
e 68,7% a pluviosidade acima de 700mmd%ano. Detalhadamente, os ecGtipos
Os_AOX1c_A232T apresentaram, principalmente, uma ligacdo com a altitude de 0 — 400m e
a precipitacdo acima de 700 mm?/ano; ademais com a altitude acima de 400m e a pluviosidade
acima de 700mm?/ano (FIGURA 12 e TABELA 21).

A Figura 12 apresenta as conexdes entre 0 SAP A232T da AOX1c de O. sativa e

as condigdes geograficas.

Figura 12 — Conexdes entre o SAP A232T da AOX1c de O. sativa e as
condicdes geogréficas
(Clima)

Af - (Pluviosidade)

0 — 300mm?/ano

300 — 500 mm?*/ano
Cwa
500 — 700 mm?*/ano

- > 700 mm?/ano

Aw

Os AOXlc A232T

Cfa

sl o 100

0-400m ' 400-700m > 700m (Altitude)

Figura 12: Conexdo entre as condi¢des geograficas e a quantidade de ecdtipos polimdrficos com mudanga no AA
da AOX1c de O. sativa na posicdo 232 (A232T). A escala de cinza especificada demonstra o indice de

precipitacdo. O eixo vertical do grafico apresenta os climas especificados — Af, Cwa, Aw, Cfa e BWh. E o0 eixo
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horizontal do gréfico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo, o
quadrado no extremo direito inferior do grafico informa que dos ec6tipos que pertencem ao clima BWh, a

pluviosidade de 0 — 300mm&/ano e a altitude superior a 700m, 100% possuem a modificagdo polimaérfica A232T.

Por fim, na Os_AOX1c, a modificacdo — Os_AOX1c G239R — parece estar
conectada com a elevada altitude e pluviosidade. Dentre todos o0s ecétipos mutantes nessa
posicdo, 90,9% pertencem a condigdo de elevada altitude (> 400m) e 75,9% a pluviosidade
acima de 700mm?%ano. Especificamente, os ecotipos Os_AOX1c G239R apresentaram,
sobretudo, conexdo com a altitude de 0 — 400m e a precipitacio acima de 700mm?3/ano; e mais,
com a altitude acima de 400m e a pluviosidade acima de 700mm?/ano (FIGURA 13e TABELA
21).

A Figura 13 apresenta as conexdes entre 0 SAP A232T da AOX1c de O. sativa e

as condicdes geograficas.

Figura 13 — Conexdes entre 0 SAP A232T da AOX1c de O. sativa e as

condicdes geogréficas

(Clima)
Af - (Pluviosidade)
0 — 300mm?/ano
300 — 500 mm?¥/ano
Cwa -
500 — 700 mm3/ano
- > 700 mm?/ano
Aw -
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sa |-~ 100

0-400m  400-700m  >700m  (Altitude)

Figura 13: Conexdo entre as condi¢des geograficas e a quantidade de ecdtipos polimdrficos com mudanga no AA
da AOX1c de O. sativa na posi¢do 239 (G239R). A escala de cinza especificada demonstra o indice de
precipitacdo. O eixo vertical do grafico apresenta os climas especificados — Af, Cwa, Aw, Cfa e BWh. E o0 eixo
horizontal do grafico apresenta as altitudes especificadas — 0 a 400m, 400 a 700m e > 700m. Por exemplo, 0
quadrado no extremo direito inferior do grafico informa que dos ec6tipos que pertencem ao clima BWh, a

pluviosidade de 0 — 300mm®/ano e a altitude superior a 700m, 100% possuem a modificacdo polimérfica G239R.
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Tabela 21 — Quantidade de ecOtipos que apresentaram conexdes entre as condi¢es
geogréficas e 0s SAPs A232T e G239R, da AOX1c de O. sativa

i SAP
Altitude (m) P'“V'Osi'dade Clima
(mm=/ano) Os_AOX1c_A232T | Os_AOX1c _G239R
. 5 de 6 ecotipos 5 de 6 ecotipos
A
83,3% 83,3%
12 de 15 ecétipos 14 de 15 ecétipos
Cwa
80% 93,3%
0a400 > 700
5 de 9 ecotipos 5 de 9 ecotipos
Aw
55,5% 55,5%
15 de 23 ecétipos
Cfa -
65,2%
. 5 de 7 ecotipos 5 de 7 ecotipos
A
71,4% 71,4%
400 a 700 > 700
7 de 8 ecotipos 7 de 8 ecotipos
Cfa
87,5% 87,5%

Em relacéo ao clima, assim como para Arabidopsis, em arroz nenhuma correlagédo
relevante foi encontrada, uma vez que, os climas Af, Cwa, Aw, e Cfa sdo tropicais equatoriais,

com temperaturas médias mais frias e mais quentes de 15°C e 22°C.

5.3 Estruturas secundarias e tridimensionais

A ferramenta PSIPRED realizou a predicdo da localizacdo de alfa-hélices para as
sequéncias proteicas das At AOXla, At AOX1lb, At AOXlc, At AOX1d, At AOX2,
Os_AOXla, Os AOXlc, Os AOX1ld, Os AOXle e daquelas que tiveram sequéncias
polimorficas de interesse. Para At AOXla, At AOX1b, Os_AOXla, Os AOX1d e
Os_AOX1e foram preditas 14, 11, 12, 13 e 15 alfa-hélices, respectivamente (APENDICE X).
Enquanto para At AOX1c, At AOX1lc Al61E&G165R e At AOX1c R242S as mesmas
caracteristicas de alfa-hélices foram encontradas, com 13 cada uma. Em contrapartida,
At_ AOX1c_WI186R apresentou uma hélice a menos, apresentando 12 alfa-hélices (FIGURA
14).



Ul

A Figura 14 apresenta a predi¢do de estruturas secundarias para as sequéncias
proteicas das proteinas de AOX1c Ref e AOXl1lc A161E&G165R, AOX1lc WI186R e
AOX1c _R242S de A. thaliana.

Figura 14 — Predicao de estruturas secundarias para as sequéncias proteicas das proteinas de

AOX1c_Refe AOX1c_Al61E&GI165R, AOX1c W186R e AOX1c_R242S de A. thaliana
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Da mesma forma, At AOX1d e At AOX1d D274H apresentaram 0 mesmo

padrdo de estruturas secundarias, 9 alfa-hélices (FIGURA 15).

A Figura 15 apresenta a predicdo de estruturas secundarias para as sequéncias
proteicas das proteinas de AOX1d Ref e AOX1d _D274H de A. thaliana.

Figura 15 — Apresenta a predicdo de estruturas secundarias para as sequéncias proteicas das
proteinas de AOX1d_Ref e AOX1d_D274H de A. thaliana

l
l

res CCHHHHHHCCCCCCEEECCCCCCCCCCCCCCCCCCCCCCEECCCCCCCCC
s MSYRS|I YRTLRPVLSSSVQSSGLG|I GGFRGHLI SHLPNVRLLSSDTSSPV

Fl

Cant
Fet CCHHHHHHCCCCCCEEECCCCCCCCCCCCCCCCCCCCCCEECCCCCCCCC
s MSYRS| YRTLRPVLSSSVQSSGLGI GGFRGHL| SHLPNVRLLSSDTSSPV

12 El n 0 @

. T ) T | O T T

cat
Fi CCCCCCCCCCCCCCCCEECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
4 SGNNQPENPI RTADGKVI STYWGI PPTKI TKPDGSAWKWNCFQPWDSYKP

=

Ga
e CCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHCCCCHHHHHHHHHHHH
s DVS|I DVTKHHKPSNFTDKFAYWTVQTLKI PYQLFFQRKHMCHAMLLETVA

0 £l an " 5

Fl

e ——
Fo: HCHHHHHHHHHHHHHHHCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHCCC
s AVPGMVGGMLLHLKSLRRFEHSGGWI KALLEEAENERMHLMTFI| ELSQPK

ca
Foi HHHHHHHHHHHHHHHHHHHHHHHHCHHHHHHHHHHHHHHHHHHHHHHHHH
m WYERAI VFTVQGVFFNAYFLAYVI SPKLAHRI TGYLEEEAVNSYTEFLKD

20 20 20 20 Eo)

o

§ 3

G
s HHCCCCCCCCCCHHHHHHHCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHH
s | DAGKFENSPAPAI Al DYWRLPKDATLRDVVYVI RADEAHHRDI NHYASD

20 E =0 0 £

e At_AOX1d_Ref
s HHHCCCCCCCCCCCCCCC

s | QFKGHELKEAPAFPI GYH

a0

art
s CCCCCCCCCCCCCCCCEECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
s SGNNQPENPI RTADGKVI STYWGI PPTKI TKPDGSAWKWNCFQPWDSYKP

@ n 0 2 10

. HEE T e e - ———
ol e— —_—
ies CCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHCCCCHHHHHHHHHHHH
»DVSI DVTKHHKPSNFTDKFAYWTYQTLKI PYQLFFQRKHMCHAMLLETVA

. {7
Car
ies CCHHHHHHHHHHHHHHHCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHCCC
4 AVPGMVGGMLLHLKSLRRFEHSGGWI KALLEEAENERMHLMTFI ELSQPK

TSR I Y 5

art -
res HHHHHHHHHHHHHHHHHHHHHHHHCHHHHHHHHHHHHHHHHHHHHHHHHH
4 WYERAI VFTVQGVFFNAYFLAYVI SPKLAHRI TGYLEEEAVNSYTEFLKD

.. e R N S

Gant
Fe HHCCCCCCCCCCHHHHHHHCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHH
4| DAGKFENSPAPAI Al DYWRLPKHATLRDVVYVI RADEAHHRDI NHYASD

280

oo . I

At_AOX1d_D274H

Gant
F- HHHCCCCCCCCCCCCCCC
41 QFKGHELKEAPAPI GYH

= 0 340

Strand
Helix

Conf: -
Cart: 3-state assignment cartoon

Confidence of prediction

Enquanto, At AOX2 e At AOX2_S76F mostraram uma constituicdo secundaria
diferente, com a referéncia com 12 alfa-hélices e a modificada com 13 alfa-hélices. E
importante destacar, que a alfa-hélice a mais que surgiu ocorreu justamente na regido em que
ocorre a modificacdo, posicdo 76 (FIGURA 16).

A Figura 16 apresenta a predicdo de estruturas secundarias para as sequéncias
proteicas das proteinas de AOX2_Ref e AOX2_S76F de A. thaliana.

Figura 16 — Apresenta a predi¢cdo de estruturas secundarias para as sequéncias proteicas das
proteinas de AOX2_Ref e AOX2_S76F de A. thaliana
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No que diz respeito a Os_AOX1c, Os AOX1c_A232T, Os_AOX1lc G239R e

Os_AOX1c A232T&G239R as mesmas caracteristicas de alfa-hélices foram encontradas,

com 15 cada uma (FIGURA 17).

A Figura 17 apresenta a predicdo de estruturas secundarias para as sequéncias

proteicas das proteinas de AOX1c Ref e
AOX1c _G239R de O. sativa.

AOX1c_A232T&G239R, AOX1c_A232T e

Figura 17 — Apresenta a predicdo de estruturas secundarias para as sequéncias proteicas das
proteinas de AOX1c Ref e AOX1c A232T&G239R, AOX1c A232T e AOX1c G239R de

O. sativa
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O programa DISOPRED previu um estado de desordem na regido N-terminal das
sequéncias proteicas das AOX de Arabidopsis (FIGURA 18 e APENDICE ).
Especificamente, para AOX1b; AOX1c e suas sequéncias polimorficas; e AOX1d a desordem
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foi predita até o amino&cido da posic¢éo 100. Enquanto, para AOX1a e AOX2 e suas sequéncias
polimorficas, a desordem foi sugerida até o aminoacido 125.

A Figura 18 apresenta os graficos de predicdo das provaveis regides de desordem
nas estruturas das AOXs de A. thaliana: At AOX1c Ref, At AOX1lc A161E&GI165R,
At_AOX1lc_ W186R, At AOXlc_R242S, At AOX1d Ref, At AOX1d _D274H,
At_AOX2_Refe At_AOX2_S76F.

Figura 18 — Predicdo das provaveis regides de desordem nas estruturas das AOXs de A.
thaliana: At_AOXI1c_Ref, At_ AOX1lc Al161E&GI165R, At_ AOX1lc WI186R,
At_AOX1c_R242S, At AOX1d Ref, At AOX1d D274H, At AOX2 Ref e
At_AOX2_S76F
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Nas sequéncias proteicas das AOX de arroz, o programa DISOPRED previu um
estado de desordem também na regido N-terminal (FIGURA 19 e APENDICE Y).

Particularmente, para AOX1a; AOX1d e AOXle, a desordem foi predita até o aminoacido

~105. Ao passo que, paraa AOX1c e suas sequéncias polimorficas a desordem foi sugerida até

0 amino4cido 115.

A Figura 19 apresenta os graficos de predicdo das provaveis regides de desordem
nas estruturas das AOXs de O. sativa: Os_AOX1c Ref, Os AOX1lc A232T&G239R,

Os_AOX1c_A232T e Os_AOX1c_G239R.

Figura 19 — Predicéo das provaveis regides de desordem nas estruturas das AOXs de O. sativa:
Os_AOX1c_Ref, Os_AOX1c _A232T&G239R, Os_AOX1lc_A232T e Os_AOX1lc_G239R
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A ferramenta MEMSAT-SVM realizou a predicdo de possiveis regides
transmembranares das sequéncias proteicas das AOXs de Arabidopsis. Particularmente, para
AOX1a; e AOX1d e sua sequéncia polimorfica, foi proposta a ocorréncia de uma alfa-hélice
transmembrana entre os aminoacidos 240 — 260 e 205 — 225, respectivamente (FIGURA 20 e
APENDICE Z). Ao passo que, para a AOX1b; e AOX2 e suas sequéncias polimorficas foi
predito a existéncia de duas alfa-hélices transmembranares entre 0s aminoacidos 151 — 166/210
— 231 e 153 — 168/239 — 259, respectivamente (FIGURA 20 e APENDICE Z). Em
contrapartida, para a AOX1c, apenas a sequéncia polimdrfica A161E&G165R manteve o
mesmo padrdo da referéncia de duas hélices transmembranares entre 0s aminoacidos 155 - 171
e 215 — 235. As demais sequéncias polimdrficas, W186R e R242S, apresentaram a presenca
de apenas uma hélice transmembranar entre os aminoécidos 216 — 236 (FIGURA 20).

A Figura 20 apresenta esquemas de predicdo de regides transmembranares das
AOXs de A. thaliana: At AOX1c_Ref, At AOX1lc Al61E&G165R, At AOX1c WI186R,
At_AOX1c_R242S, At_AOX1d_Ref, At_AOX1d _D274H, At AOX2 Ref e
At_AOX2_ST76F.

Figura 20 — Esquemas de predicdo de regides trasnmembranares das AOXs de
A. thaliana: At_AOX1c_Ref, At_AOX1lc_Al161E&G165R,



At_AOX1c W186R,

At_AOX1c_R242S,

At_AOX1d_D274H, At AOX2_Ref e At_ AOX2_ST6F
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A predicdo de possiveis regides transmembranares das sequéncias proteicas das

AOXs de arroz também foi realizada pela ferramenta MEMSAT-SVM. Especificamente, para

AOX1a; AOXIc e suas sequéncias polimorficas; e AOX1e foi proposta a ocorréncia de duas
alfa-hélices transmembranares entre os aminoacidos 158 — 173/217 — 238, 171 — 186/231 —
251 e 139 — 154/224 - 245, respectivamente (FIGURA 21 e APENDICE Z). No entanto, para
a AOX1d foi predito a existéncia de uma Unica hélice transmembrana entre os aminoécidos
222 — 241 (APENDICE 2).

A Figura 21 apresenta esquemas de predicdo de regiGes transmembranares das
AOXs de O. sativa: Os_ AOX1c_Ref, Os_ AOX1c A232T&G239R, Os_AOX1c A232T e

Os_AOX1c_G239R.

Figura 21 — Esquemas de predicdo de regiGes trasnmembranares das AOXs de O.
sativa: Os_AOX1c Ref, Os AOX1lc A232T&G239R, Os AOX1lc A232T e
Os_AOX1lc_G239R
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Dentre as estruturas das proteinas da AOX obtidas para as referéncias Columbia-0
e Japonica, de Arabidopsis e arroz, respectivamente, os modelos originados pelo servidor
Robetta obtiveram o melhor resultado de validacdo geométrica no servidor MolProbity, quando
comparados com aqueles originados pelo Modeller (APENDICE AA e APENDICE AB). Os
modelos gerados pelo PHYRE2 foram descartados por ndo abrangerem todos os aminoacidos
das sequéncias proteicas. Assim, os modelos preditos pelo servidor Robetta foram escolhidos
para a avaliacdo das alteracdes AA que apresentaram correlacdo com as condicdes geograficas
(At_AOX1c, At_ AOX1d, At_ AOX2 e Os_AOX1c). E importante destacar, que os modelos
foram gerados sem a pré-sequéncia sinalizadora, abrangendo dos AA 53 — 330 na At AOX1c;
dos AA 50 — 319 na At AOX1d; dos AA 26 — 354 na At AOX2; e, dos AA 58 — 345 na
Os_AOX1c (APENDICE B).

Dessa forma, o modelo do Robetta para a estrutura referéncia da AOX1c de A.
thaliana foi escolhido para dar continuidade as mutagéneses — A161E&G165R; W186R;
R242S — que foram posteriormente minimizadas (FIGURA 22). Igualmente, os modelos
referéncia da A_AOX1d e At AOX2 foram escolhidos para realizar as mutagéneses D274H e
S76F, respectivamente (FIGURA 23). E 0 modelo do Robetta para a estrutura referéncia da
AOX1c de O. sativa foi escolhido para dar continuidade as mutagéneses — A232T&G239R,;
A232T; G239R — que foram posteriormente minimizadas (FIGURA 24).

Assim, no modelo da At_AOXlc foi a realizada a mutagénese na posi¢do 161, de
uma alanina (A) por um glutamato (E); e na posicédo 165, de uma glicina (G) por uma arginina
(R), gerando a estrutura polimdrfica At AOX1c_Al61E&G165R (FIGURA 22). Para gerar a
estrutura polimérfica At AOX1c_W186R, a estrutura referéncia da At_ AOX1a foi modificada
na posicao 186, trocando o triptofano (W) pela arginina (R) (FIGURA 22). Por fim, a Gltima
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estrutura polimorfica foi originada a partir da mudanga da arginina (R) pela serina (S) na
posicdo 242 da At AOX1c — At_AOX1c_R242S (FIGURA 22).
A Figura 22 apresenta as estruturas tridimensionais das proteinas AOX1c da

referéncia e polimorficas de A. thaliana.

Figura 22 — Apresenta as estruturas tridimensionais das proteinas AOX1c da referéncia e
polimorficas de A. thaliana: At AOXl1lc Ref, At AOXl1lc Al61E&GI165R,
At_AOX1c_W186R e At_AOX1c_R242S

W186
R242
G165 165R
Al6l 161E
D
Fe!
At AOXIc Ref At AOXIc AI6IE&GI6SR

ALAOXIc WIS6R [ AcAOXIc Ro42s

Figura 22: Estrutura espacial no visualizador PyMOL. Destaque em rosa, 0s AA das posi¢des 161 e 165. Destaque
em roxo, 0 AA da posicao 186. Destaque em vermelho, o AA da posicao 242. As caixas em amarelo indicam o

AA mutado ap6s a posicdo especificada. As esferas em laranja representam os fons Fe®* no centro de reacéo.
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No modelo da At_AOX1d foi a realizada a mutagénese na posi¢do 274, de um
aspartato (D) por uma histidina (H) — At. AOX1d D274H (FIGURA 23). Para gerar a estrutura
polimorfica At AOX2_S76F, a estrutura referéncia da At AOX2 foi modificada na posi¢édo
76, trocando a serina (S) pela fenilalanina (F) (FIGURA 23).

A Figura 23 apresenta as estruturas tridimensionais das proteinas AOX1d e AOX2

de A. thaliana da referéncia e polimorficas.

Figura 23 — Apresenta as estruturas tridimensionais das proteinas AOX1d e AOX2, da
referéncia e polimorficas, de A. thaliana: At AOX1d Ref e At AOX1d D274H; e,
At_AOX2_Ref e At_AOX2_S76F
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Figura 23: Estrutura espacial no visualizador PyMOL. Destaque em rosa, 0 AA da posicdo 274, para At_AOX1d,
e 76, para At_AOX2. As caixas em amarelo indicam o AA mutado apds a posicdo especificada. As esferas em
laranja representam os fons Fe®* no centro de reagéo.

Para a estrutura da Os_AOX1c foi a realizada a mutagénese na posicao 232, de
uma alanina (A) por uma treonina (T); e na posic¢do 239, de uma glicina (G) por uma arginina
(R), gerando a estrutura polimoérfica Os_ AOX1c_A232T&G239R (FIGURA 24). Para gerar a
estrutura polimérfica Os_ AOX1c_A232T, a estrutura referéncia da Os_AOX1a foi modificada
na posicao 232 apenas de uma A — T (FIGURA 24). Por fim, a Gltima estrutura polimorfica foi
originada a partir da mudanca de uma R — S na posicdo 239 da At AOXlc -
At_AOX1c_R242S (FIGURA 24).

A Figura 24 apresenta as estruturas tridimensionais das proteinas AOX1c da

referéncia e polimorficas de O. sativa.

Figura 24 — Apresenta as estruturas tridimensionais das proteinas AOX1c da referéncia e
polimorficas de  O. sativa: Os_AOXI1c_Ref, Os_AOX1c _A232T&G239R,
Os_AOX1c_A232T e Os_AOX1c_G239R

0s AOXIc Ref

|05 AOXlc A232T&G29R
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0s AOXIc A232T

Figura 24: Estrutura espacial no visualizador PyMOL. Destaque em rosa, 0 AA da posicdo 232. Destaque em

0s AOXIc G239R

roxo, 0 AA da posicao 239. As caixas em amarelo indicam o AA mutado apés a posicao especificada. As esferas

em laranja representam os fons Fe** no centro de reagio.

5.4 Diferengas no potencial eletrostatico das estruturas preditas de A. thaliana e O. sativa

O potencial eletrostatico qualitativo foi fornecido para cada estrutura estudada
(At_AOX1c_Ref, At AOXl1lc Al61E&G165R, At AOX1c WI186R, At_AOXlc R242S,
At_AOX1d_Ref, At AOX1d D274H, At AOX2_Ref, At AOX2 S76F, Os AOXI1c_Ref,
Os_AOX1c A232T&G239R, Os AOXlc A232T e Os AOXlc G239R) através da
ferramenta de APBS. As andlises das estruturas da AOX1c de A. thaliana revelaram diferencas
entre a referéncia e todas as estruturas com modifica¢fes (A161E&G165R, W186R e R242S).
Especificamente, At AOX1c_A161E&G165R apresentou uma modificacdo sutil no potencial
eletrostatico, para um potencial de superficie mais positivo (FIGURA 25). Ja& a
At_AOX1c_W186R apresentou uma mudanca drastica no potencial eletrostatico, para um
potencial de superficie consideravelmente mais positivo (FIGURA 26). Por fim,
At_AOX1c_R242S apresentou modificacdo no potencial eletrostatico, para um potencial de
superficie mais negativo (FIGURA 27).

A Figura 25 apresenta os resultados qualitativos do potencial eletrostatico das

estruturas da proteina AOX1c de A. thaliana usando a ferramenta APBS no programa PyMOL.

Figura 25 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina AOX1c
referéncia e A161E&G165R de A. thaliana usando a ferramenta APBS no programa PyMOL
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At AOXIc Ref

Figura 25: O potencial eletrostatico pode ser avaliado por mudancas na intensidade da cor -5 (intensidade do
vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

A Figura 26 apresenta os resultados qualitativos do potencial eletrostatico das
estruturas da proteina AOX1c de A. thaliana usando a ferramenta APBS no programa PyMOL.

Figura 26 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina AOX1c

referéncia e W186R de A. thaliana usando a ferramenta APBS no programa PyMOL

‘ T—
At AOXlc Ref \ At_AOX1c WI86R
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Figura 26: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do
vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

A Figura 27 apresenta os resultados qualitativos do potencial eletrostatico das
estruturas da proteina AOX1c de A. thaliana usando a ferramenta APBS no programa PyMOL.

Figura 27 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina AOX1c

referéncia e R242S de A. thaliana usando a ferramenta APBS no programa PyMOL

At_AOXlc_R242S
o

Figura 27: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do

vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

Na avaliagdo das estruturas da AOX1d e AOX2 de A. thaliana revelaram-se
diferencas entre as referéncias e as modificagbes D274H e S76F. Em particular,
At_AOX1d_D274H demonstrou uma mudanca consideravel no potencial eletrostatico, para
um potencial de superficie mais positivo (FIGURA 28). Ja a At AOX2_S76F apresentou uma
mudanca sutil no potencial eletrostatico, para um potencial de superficie levemente mais
positivo (FIGURA 29).

A Figura 28 apresenta os resultados qualitativos do potencial eletrostatico das
estruturas da proteina AOX1d de A. thaliana usando a ferramenta APBS no programa PyMOL.

Figura 28 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina
AOX1d referéncia e D274H de A. thaliana usando a ferramenta APBS no programa PyMOL
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At AOX1d Ref ’ At AOX1d D274H

Figura 28: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do
vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

A Figura 29 apresenta os resultados qualitativos do potencial eletrostatico das

estruturas da proteina AOX2 de A. thaliana usando a ferramenta APBS no programa PyMOL.

Figura 29 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina AOX2

referéncia e S76F de A. thaliana usando a ferramenta APBS no programa PyMOL

At AOX2 Ref I At_AOX2 S76F
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Figura 29: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do

vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

Na analise das estruturas da AOX1c de O. sativa revelaram-se diferencas entre a
referéncia e todas as estruturas com modificacdes (A232T&G239R, A232T e G239R). A
Os_AOX1c_A232T&G239R apresentou modificacdo no potencial eletrostatico, para um
potencial de superficie mais positivo (FIGURA 30). Jaa Os_AOX1c_A232T demonstrou uma
modificacdo sutil no potencial eletrostatico, para um potencial de superficie mais negativo
(FIGURA 31). Finalmente, Os_AOX1c G239R apresentou uma mudanca drastica no
potencial eletrostatico, para um potencial de superficie consideravelmente mais positivo
(FIGURA 32).

A Figura 30 apresenta os resultados qualitativos do potencial eletrostatico das

estruturas da proteina AOX1c de O. sativa usando a ferramenta APBS no programa PyMOL.

Figura 30 — Resultados qualitativos do potencial eletrostético das estruturas da proteina AOX1c
referéncia e A232T&G239R de O. sativa usando a ferramenta APBS no programa PyMOL

Os_AOXIlc_Ref Os_ AOXlIc A232T&G239R
"
N A232 | 232T
G239 ) 239R

‘ i

Figura 30: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do

vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

A Figura 31 apresenta os resultados qualitativos do potencial eletrostatico das

estruturas da proteina AOX1c de O. sativa usando a ferramenta APBS no programa PyMOL.
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Figura 31 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina

AOX1c referéncia e A232T de O. sativa usando a ferramenta APBS no programa PyMOL

N _
Os_AOXlc Ref Os_AOXlc A232T

Figura 31: O potencial eletrostatico pode ser avaliado por mudancas na intensidade da cor -5 (intensidade do

vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

A Figura 32 apresenta os resultados qualitativos do potencial eletrostatico das
estruturas da proteina AOX1c de O. sativa usando a ferramenta APBS no programa PyMOL.

Figura 32 — Resultados qualitativos do potencial eletrostatico das estruturas da proteina

AOX1c referéncia e G239R de O. sativa usando a ferramenta APBS no programa PyMOL

7
Os_AOch_Re Os_AOXlc_G239R
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Figura 31: O potencial eletrostatico pode ser avaliado por mudangas na intensidade da cor -5 (intensidade do

vermelho - eletronegativo) a 5 (intensidade do azul - eletropositivo).

5.5 Interagdes bi- e tri-dimensionais receptor—ligante

Os resultados das anélises de docking apresentaram valores de afinidade de ligacéo
entre receptor—ligante menores para todas as estruturas polimdrficas em comparacdo a
referéncia, com excecdo da estrutura Os_ AOX1c_G239R.

Em detalhe, foram gerados nove modos de ligacdo da UQH2 com cada estrutura,
de cada proteina da AOX: At AOXlc Ref, At AOXlc A161E&GI165R,
At_AOX1lc_ W186R, At AOXlc_R242S, At AOX1d Ref, At AOX1d _D274H,
At AOX2 _Ref, At AOX2_S76F, Os_AOXlc Ref, 0Os AOXlc A232T&G239R,
Os_AOX1c A232T e Os_AOX1lc G239R. Para a At AOX1c, quando comparados com a
referéncia (-5,1kcal/mol), a afinidade de ligagéo do ligante foi menor para todas as mutacdes:
-5,6kcal/mol, -5,7kcal/mol e -5,6kcal/mol — A161E&G165R, W186R, R242S, respectivamente
(TABELA 22). Para a At AOX1d e At_ AOX2, quando comparados com a referéncia (-
6,2kcal/mol e -5,4kcal/mol, respectivamente), a afinidade de ligacdo do ligante foi menor para
suas mutagoes: -6,7kcal/mol e -7,1kcal/mol — D274H e S76F, nessa ordem (TABELA 22). As
distancias entre os fons Fe**, no centro de reacdo, e o hidrogénio (H) de interesse no ligante
(Fe**— H) no complexo AOX—ubiquinol de Arabidopsis foram: 12,2 A — At AOX1c_Ref; 12,1
A—At_AOXlc A161E&GI165R; 11,8 A—At_ AOX1c W186R; 11,9 A— At AOX1c_R242S;
15,5 A — At AOX1d_Ref; 14 A — At AOX1d_D274H; 9,6 A — At AOX2 Ref; e 21,1 A -
At_AOX2_S76F (TABELA 22 e APENDICE AC).

Em O. sativa, a Os_ AOX1c referéncia apresentou uma afinidade de ligacéo de -
4,1kcal/mol, e quando comparada as muta¢fes demonstrou uma afinidade de ligacéo do ligante
menor que a da G239R — -3,9kcal/mol e maior que as das mutagdes A232T&G239R — -
7,4kca/mol e A232T -5,5kcal/mol (TABELA 22). As distancias Fe**— H no complexo AOX—
ubiquinol de arroz foram: 18,3 A — Os_ AOX1c_Ref: 12,3 A — Os_ AOX1c A232T&G239R;
16,9 A — Os_AOX1c_A232T; e, 154 A — Os_AOX1c_G239R (TABELA 20 e APENDICE
AC).

Tabela 22 — Resultados de docking molecular [afinidade de ligacdo (kcal/mol) e valores de
RMSD] usando as estruturas de referéncia, A161E&G165R, W186R, R242S, D274H, S76F,
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A232T&G239R, A232T e G239R, e o ligante ubiquinol (UQH2). A distancia [fornecida em
Angstroms (A)] entre o ion Fe** e o hidrogénio também foi determinada

Afinidaacide Distancia Fe®* — H
Proteina Estrutura Ligacao RMSD A)
(kcal/mol)
Ref_Columbia-0 -5,1 0 12,2
Al61E&G165R -5,6 0 12,1
At_AOXl1c
W186R -5,7 0 11,8
R242S -5,6 0 11,9
Ref_Columbia-0 -6,2 0 15,5
At_AOX1d
D274H -6,7 0 14
Ref_Columbia-0 -5,4 0 9,6
At_AOX2
S76F -7,1 0 21,1
Ref_Japonica -4,1 0 18,3
A232T -5,5 0 12,3
Os_AOXl1c
G239R -3,9 0 16,9
A232T&G239R -1,4 0 154

Diagramas de interacdo bidimensionais foram gerados para cada complexo AOX-
ubiquinol resultante das analises de docking. Para o complexo de referéncia da AOX1c de
Arabidopsis, 0 UQH2 mostrou uma ponte de H entre 0 AA (R)153 e o H redutor do ligante,
interacdes polares com 0s AA (H)253 e (S)254, uma interacdo hidrofébica com o AA (F)258,
e interacbes com os AA (E)257 e (E)261 carregados positivamente (FIGURA 33). A
modificacdo At AOX1c A161E&GI165R apresentou 0 mesmo padrdo de interacdo que a
referéncia (FIGURA 33). Enquanto as modificacbes At _AOX1lc WI186R e
At_AOX1c_R242S demonstraram praticamente 0 mesmo padrdo, exceto pela interagdo polar
com 0 AA (R)253 (FIGURA 33).

A Figura 33 apresenta os diagramas bidimensionais de interacdo receptor-ligante

resultante das analises de docking das proteinas AOX1c de A. thaliana com 0 UQH..



75

Figura 33 — Apresenta os diagramas bidimensionais de interacdo receptor-ligante resultante
das analises de docking dos complexos At AOX1c_Ref-UQH>, At AOX1c Al61E&G165R-
UQH2, At_AOX1c_W186R-UQH:z, At AOX1c_R242S-UQH:
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Figura 33: As posices dos AA apresentados no diagrama de interacdo estdo subtraidos da pré-sequéncia da
At_AOXlIc, que foi de 52 AA. Por exemplo, a (R)101 que aparece realizando uma ponte de H com o H redutor
do UQH: é a (R)153 na sequéncia proteica primaria da At AOX1c.

Ja a referéncia da AOX1d de A. thaliana e sua mutacdo At AOX1d D274H
apresentaram interacdes polar com os AA (H)290, hidrofobica com o (1)294 e idnica com o0s
AA (R)292 e (D)293, no entanto, a mutacdo exibiu uma ponte de H entre o AA (P)100e o H
redutor do UQH> (FIGURA 34). Ainda para Arabidopsis, a referéncia da AOX2 e sua mutagéo
At_AOX2_S76F) apresentaram um padrdo de interacdo bem distinto. Na referéncia ocorrem
interacdes polares, hidrofdbicas e idnicas do AA 131 ao AA 141 e do AA 321 a0 327 (FIGURA
34). Enquanto para o mutante, ocorrem interacdes polares e hidrofobicas do AA 216 ao AA
227 e do AA 158 ao AA 171 (FIGURA 34).

A Figura 34 apresenta os diagramas bidimensionais de interacao receptor-ligante

resultante das analises de docking das proteinas AOX1d de A. thaliana com o0 UQH..

Figura 34 — Apresenta os diagramas bidimensionais de interacdo receptor-ligante
resultante das analises de docking dos complexos At AOX1d Ref-UQHo,
At_AOX1d_D274H-UQH2, At AOX2_Ref-UQH2, At AOX2_S76F-UQH>
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Figura 34: As posi¢fes dos AA apresentados no diagrama de interagdo estdo subtraidos da pré-sequéncia da
At_AOX1d, que foi de 49 AA; e da At_ AOX2, que foi de 25 AA.

Para O. sativa, o complexo referéncia da AOX1c mostrou interagdes polares,
hidrofébicas e i6nicas do AA 123 ao AA 134 e uma ponte de H entre 0 AA (T)129 e o H
redutor do UQH: (FIGURA 35). A Os_ AOX1c_A232T&G239R mostrou um padréo distinto
dareferéncia, interagindo de forma i6nica e hidrofébica com os AA (R)231 e (V)234, préximos
a mudanca 232(T), e, diretamente, com a modificacdo 239(R) (FIGURA 35). A modificagdo
Os_AOX1c_A232T apresentou 0 mesmo padrdo de interacdo que a referéncia, no entanto, a
ponte de H ocorreu entre o AA (N)212 e um H ndo redutor (FIGURA 35). A
Os_AOX1c_G239R também foi diferente da referéncia, com uma interacdo hidrofobica com
a (Y)214, préxima ao centro de reacdo (FIGURA 35).

A Figura 35 apresenta os diagramas bidimensionais de interacdo receptor-ligante
resultante das analises de docking das proteinas AOX1c de O. sativa com 0 UQH..
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Figura 35 — Apresenta os diagramas bidimensionais de interacdo receptor-ligante resultante
das analises de docking dos complexos Os_ AOX1c_Ref-UQH,, Os AOX1c A232T&G239R-

UQH;, Os_AOX1c_A232T-UQH,, Os_AOX1c_G239R-UQH;
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6. DISCUSSAO

6.1 Incidéncia de SNPs/SAPs que se correlacionam com as condicdes geograficas

Sabe-se, que a adaptacdo ambiental influencia os padrbes de variacdo genética
entre 0os genes de um genoma. Portanto, uma analise da correlacdo entre as variagdes
polimorficas e as condigdes ambientais apresenta uma nova abordagem para a identificacédo de
marcadores moleculares associados a fatores abioticos (LEE e MITCHELL-OLDS, 2012). Nas
andlises de bioinformética foram identificados iniGmeros SNPs nos 1190 e nos 90 genomas de
diferentes ecotipos de A. thaliana e O. sativa (TABELA 1—9 e APENDICE C - K). A elevada
presenca dessas variacbes nos genomas da AOX podem estar relacionadas ao fato de que,
muitas vezes, os SNPs atuam como repressores do silenciamento de genes importantes ao
metabolismo da planta (The 1001 Epigenomes Consortium, 2016).

Apesar da abundancia, apenas 23 destes polimorfismos estiveram presentes em,
pelo menos, 30% da populacdo estudada de Arabidopsis e arroz (357 e 27 ecdtipos,
respectivamente); e acarretaram a mudanca dos AA das referéncias para AA de classes
diferentes — SAPs (TABELA 10 — 18 e APENDICE L — T). Essa delimitacio foi necessaria
para selecionar variagdes que abrangessem uma parcela relevante da populacéo estudada para
que o polimorfismo se destacasse como um provavel marcador de interesse (THORISSON e
STEIN, 2003; LEE e MITCHELL-OLDS, 2012).

Nas andlises das sequéncias proteicas, foram identificados diversos SAPS
resultantes dos SNPs presentes nos genes das AOXs de A. thaliana e O. sativa. Nenhuma das
modificacdes de AA ocorreram nos AA estabilizadores dos fons Fe3* (EXXH) nas posicdes
222-225 e 324-327; 193-196 e 295-298; 198-201 e 300-303; 186-189 e 288-291; 221-224 ¢
323-326; 200-203 e 302-305; 213-216 e 315-318; 203-206 e 305-308; e 207-210 e 309-312
das AOX1a, AOX1b, AOX1c, AOX1d e AOX2 de A. thaliana, e das AOX1a, AOX1c, AOX1d
e AOX1e de O. sativa, respectivamente (AFFOURTIT et al., 2002; NAKAMURA et al., 2005;
MCDONALD e VANLERBERGHE, 2006; PENNISI et al., 2016). Bem como, ndo ocorreram
no AA essencial a atividade enzimatica da AOX; nas posi¢Oes 280, 251, 256, 244, 279, 258,
271, 261 e 265 da AOX1a, AOX1b, AOX1c, AOX1d e AOX2 de A. thaliana, e das AOX1a,
AOX1c, AOX1d e AOXl1e de O. sativa, respectivamente, o qual integra o sitio catalitico da
enzima e esta envolvido na especificidade de interacdo com o ubiquinol (CRICHTON et al.,
2010; SHIBA et al., 2013; PENNISI et al., 2016; CASTRO et al., 2017). Dessa forma, fica

claro o quanto essas regibes sao altamente conservadas e, provavelmente, o qudo estdo
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submetidas a selecdo positiva por estarem envolvidas na acdo da AOX no combate a estresses
(STRACHAN e READ, 2013; LIU e GUO, 2017).

Dentre as modificacOes selecionadas, que pertencem as sequéncias maduras das
proteinas, ndo houve correlacdo entre as mesmas e 0s climas caracterizados, especificamente,
com as temperaturas apresentadas pelos mesmos. Para A. thaliana obtivemos uma elevada
frequéncia de ecOtipos mutantes para os climas Csa, Csh, Cfa, Cfb, Dfa, Dfb e Dfc todos
caracteristicos de regides tropicais temperadas e continentais Umidas, que possuem uma
variacdo média de temperatura de -3°C a 15°C (KOTTEK et al., 2006). Enquanto, para o arroz,
identificaram-se diversos ecotipos mutantes para os climas Af, Cwa, Aw, e Cfa caracteristicos
de regides tropicais e equatoriais, com uma variacdo média de temperatura, entre eles, 15°C a
22°C (KOTTEK et al., 2006). Porém, nem todos os climas tropicais temperados, continentais
Umidos e equatoriais identificados tiveram relacdo com a ocorréncia dos polimorfismos
analisados (APENDICE U — W). Além disso, nas condicdes de altitude e pluviosidade
caracterizadas existem os climas destacados, mas ec6tipos com esse clima, sob determinada
altitude e pluviosidade, ndo tiveram ocorréncia de mutacdes (APENDICE U — W). Assim,
demonstra-se que o padrdo de mutacdo ndo estd associado a condicdo climatica,
particularmente, a temperatura, sugerindo que essas modificacbes foram selecionadas
aleatoriamente ao clima e & temperatura (-3°C — 22°C).

No entanto, as modifica¢cdes indicam estarem ligadas a altitude e, principalmente,
a pluviosidade (APENDICES U, V e W; FIGURAS 7 — 13; TABELAS 19 — 21). Claramente,
identifica-se que os padrdes polimdrficos presentes nos genes da AOX sugerem haver uma
conexdo com a elevada altitude ou com a elevada pluviosidade ou com ambos. Assim, pode-
se sugerir que essas condi¢des geograficas atuam realizando uma pressao de selecdo positiva
sob as modificacbes que conferem caracteristicas favoraveis a adaptacdo de espécies
(STRACHAN e READ, 2013).

Em consonancia com estes resultados, Nordborg et al. (2005) avaliaram a relagéo
entre os SNPs de 96 ecoOtipos de A. thaliana separados geograficamente, e identificaram
conexfes com as condicdes geograficas das suas localidades, mas ndo com a distancia entre
eles. O mesmo padrdo foi observado em 19 ec6tipos distribuidos pelo leste da China (HE,
2007). Portanto, coordenadas distintas ndo indicam condicGes geograficas diferentes, assim, a
analise de SNPs marcadores deve considerar as condi¢cbes ambientais das localidades para
garantir a identificacdo de conexdes de selecédo positiva (STRACHAN e READ, 2013).

Em 1135 ecotipos de A. thaliana, a identificagdo de SNPs ligados a pluviosidade

foi associada a genes envolvidos no desenvolvimento de flores e raizes, na toleréncia ao
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estresse salino e no combate a danos causados por toxinas (The 1001 Genomes Consortium,
2016). Lasky et al. (2012), observaram em 1003 genomas de Arabidopsis a selecéo positiva de
SNPs por variacOes de temperatura e de pluviosidade. Ademais, Schmid et al. (2003),
compararam os padrdes polimdrficos de 12 ecotipos de A. thaliana e identificaram as maiores
diferencas entre os ecotipos pertencentes as condigdes de pluviosidade mais distintas. Aldwairi
et al. (2021) identificaram em 18 genes de 80 genomas de Arabidopsis conexdes com a
temperatura e a pluviosidade.

Luo et al. (2015), conseguiram relacionar os polimorfismos de 14 ecotipos de A.
thaliana com a altitude e a irradiagdo solar as quais estes estdo expostos. A avaliacdo da taxa
polimorfica de 4 ecotipos de A. thaliana, provenientes de diferentes altitudes, apresentou uma
quantidade decrescente de polimorfismos, comparando-se do mais exposto a irradiacdo solar
(maior altitude) ao menos exposto (TYAGI et al., 2016). Um estudo desenvolvido por Costa
et al. (2015) demonstrou que polimorfismos e delecBes presentes na proteina AOX de 100
ecotipos de A. thaliana estavam conectados a selecdo por condi¢des climéticas. A avaliacdo
dos polimorfismos presentes nos genes de 182 ecOtipos de A. thaliana, correlacionou as
variacGes as condicdes geograficas, especificamente, temperatura, pluviosidade e altitude
(MENDEZ-VIGO et al., 2011).

Em 3010 ecétipos de O. sativa, SNPs associados a caracteristicas benéficas foram
selecionadas positivamente no processo de domesticacdo de cada ec6tipo a sua condicdo
geografica (clima, pluviosidade e altitude) (WANG et al., 2018). Groen et al. (2020)
identificaram SNPs associados a produtividade do arroz, que apresentaram uma selecao
direcional positiva correlacionada ao solo encharcado (condicao de elevada pluviosidade). A
investigagdo dos processos evolutivos envolvidos na domesticacdo do arroz as mais diversas
condicBes geograficas demonstrou a correlacdo destas com as variacdes polimorficas
responsaveis pelo processo de adaptacdo dos ecotipos avaliados (VELTMAN et al., 2019). Abe
et al. (2002) descobriram um SNP na AOXla de O. sativa que estava completamente
relacionado a selecdo positiva em condigdes de baixas temperaturas. O mesmo padréo foi
identificado para 269 ecétipos de arroz, com variagdes polimorficas correlacionadas as baixas
temperaturas (ZHI-HONG et al., 2005).

Desta forma, os estudos que associam o0s polimorfismos com 0S processos
ambientais adaptativos contribuem para o entendimento dos efeitos da sele¢do positiva sobre
as espécies, permitindo a expansédo dos resultados para as demais espécies de vegetais (KIM,
2007; LASCOUX et al., 2016). Nossos resultados sugerem que os padrbes polimorficos de
todo o genoma podem ser afetados tanto pelas propriedades inatas de um genoma quanto pelos
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fatores ambientais. Especificamente, sugere-se que a elevada altitude (ligada diretamente a
intensidade da irradiagéo solar) e a pluviosidade atuam favorecendo a selecdo de alteracGes
polimorficas associadas a caracteristicas de interesse, dados em consonancia com os trabalhos

acima mencionados.

6.2 SNPs causam efeitos na estrutura 3-D e no potencial eletrostatico das proteinas AOX

Os modelos preditos pelo servidor Robetta foram escolhidos para a avaliagdo das
alteracbes de AA que apresentaram correlagdo com as condi¢Bes geograficas (At AOXIc,
At_AOX1d, At AOX2 e Os_AOX1c) (FIGURAS 22 — 24). Dessa forma, foram originadas as
estruturas das mutagéneses — AI161E&G165R; WI186R; R242S; D274H; S76F;
A232T&G239R; A232T; e G239R (FIGURAS 22 — 24).

A desordem prevista para a regido N-terminal das sequéncias proteicas de
Arabidopsis das AOX1c, AOX1d, AOX2 e suas estruturas mutantes foram corroboradas nas
estruturas preditas (FIGURAS 18, 22 e 23). Assim, na visualizacdo das estruturas
tridimensionais de Arabidopsis foi identificada uma desordem na regido N-terminal, sugerindo
que essa desordem deve fazer parte da estrutura da proteina de fato (FIGURAS 18, 22 e 23).
Finnegan (2003) e Nawrocki (2015) descreveram regides de desordem em subclasses de DOX
envolvidas no ancoramento da proteina a membrana e na formacao de interacdes favoraveis a
interacdo proteina-ligante.

No entanto, a desordem prevista para a regido N-terminal das sequéncias proteicas
de arroz na AOX1c e suas estruturas mutantes ndo foram corroboradas nas estruturas preditas
(FIGURAS 19 e 24). Na visualizagdo das estruturas tridimensionais de arroz foi identificada a
formacdo de uma alfa-hélice na provavel regido de desordem N-terminal, em contrapartida ao
que foi sugerido pela ferramenta (FIGURAS 19 e 24).

Além disso, a predicao da localizacdo de alfa-hélices para as sequéncias proteicas
maduras, ndo apresentou 0 mesmo padrao de estruturas secundarias visualizadas nas estruturas
tridimensionais. A ferramenta prediz alfa-hélices em quantidades e em posig¢des distintas das
apresentadas nas estruturas tridimensionais preditas, em todas as situagdes (FIGURAS 14 — 17
e 20 — 24). Provavelmente, o resultado apresentado na predicao das estruturas tridimensionais
€ mais confiavel, pois independente da identidade entre sequéncias, ao longo da evolucgéo, a
estrutura tende a manter-se conservada (WEBB e SALLI, 2014)

A ferramenta MEMSAT-SVM realizou a predicdo de possiveis regides

transmembranares das sequéncias proteicas das AOXs de Arabidopsis e arroz. Enquanto, a
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ferramenta APBS forneceu a anélise qualitativa do potencial eletrostatico de todas as
estruturas. Para AOX1c de A. thaliana, a alanina da posi¢do 161 mudou para um glutamato, e
a glicina da posicao 165 mudou para uma arginina em 35,6% dos eco6tipos. Essas modificacdes
acarretaram na mudanca de AAs apolares para AAs carregados, porém estes ndo interferiram
de forma consideravel na formag&o das helices transmembrana e afetou levemente o potencial
eletrostético da proteina para um mais positivo (FIGURA 20 e 25). Na 1862 posic¢do (90,6%
dos ecotipos), a mudanca foi de um AA aromatico (triptofano) para um carregado
positivamente (arginina), essa mudanca parece ter interferido na formacéo da primeira hélice
transmembrana da AOX1c, além de modificar consideravelmente o potencial eletrostatico para
um mais positivo (FIGURA 20 e 26). A mudanga de um AA carregado positivamente
(arginina) por um AA polar (serina) na 2422 posi¢do (77,5% dos ecotipos), também afetou a
formacdo da primeira hélice transmembrana da AOX1c e alterou o potencial de superficie da
estrutura para um mais negativo (FIGURA 20 e 27).

Para AOX1d de A. thaliana, o aspartato da posi¢do 274 mudou para uma histidina
em 35,8% dos ecdétipos. Essa modificacdo acarretou na mudanca de um AA carregado
negativamente para um carregado positivamente, porém nao interferiu de forma consideravel
na formacao da hélice transmembrana, no entanto, alterou o potencial eletrostatico da proteina
para uma superficie mais positiva (FIGURA 20 e 28). Na 762 posi¢cdo, da AOX2 de Arabidopsis
(91,1% dos ec6tipos), a mudanca ocorreu de uma serina (polar) para uma fenilalanina
(aromatico), o que nédo afetou a formacéo das helices transmembrana, porém, acarretou em um
potencial eletrostatico sutilmente mais positivo (FIGURA 20 e 29).

J& para AOX1c de O. sativa, a alanina da posi¢do 232 mudou para uma treonina
em 66,6% dos ecotipos. Essa modificacdo acarretou na mudanca de um AA apolar para um
polar. Essa mudanca ndo ocasionou alteracBes na formacdo das hélices transmembranas,
porém, modificou levemente o potencial eletrostatico da proteina para uma superficie mais
negativa (FIGURA 21 e 31). Na 2392 posicdo (73,3% dos ecétipos), a mudanca foi de um AA
apolar (glicina) por um AA carregado positivamente (arginina). Essa modificacdo néo
interferiu na formacdo das hélices transmembrana da AOX1lc, mas modificou
consideravelmente o potencial eletrostatico para um mais positivo (FIGURA 21 e 32). Quando
essas modificacdes ocorreram juntas, ndao alteraram as hélices transmembrana da estrutura,
porém, alterou o potencial de superficie da estrutura para um mais positivo (FIGURA 21 e 30).

Notadamente, os polimorfismos que interferiram na formacdo de hélices
transmembrana podem ter impactado no ancoramento da proteina a membrana interna da

mitocéndria, no entanto, ndo impactou negativamente na interacdo AOX-UQH: quando
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observados os resultados do docking destes complexos (TABELA 22) (VANLERBERGHE et
al., 2020). Enquanto que alteracBes ocasionadas no potencial eletrostatico de estruturas podem,
possivelmente, impactar na formacdo das interacGes covalentes e fracas entre a proteina e o
ligante (ERBAS et al., 2018). Assim, as alteracdes no potencial de superficie identificadas para
as estruturas mutantes podem ter contribuido para ocasionar interacdes entre AOX-UQH2 mais
favoraveis do que as da referéncia, a exce¢do da estrutura Os_ AOX1c_G239R (TABELA 22).

6.3 SNPs acarretam em interacfes AOX-UQH2 mais favoraveis

Os resultados de afinidade de ligacdo (docking molecular) indicam que todas as
alteracdes de AA que ocorrem na AOX, a excecdo da G239R, podem ser mais favoraveis a
interacdo AOX-UQH2, mostrando um valor de afinidade de ligagdo menor, em comparagao
com as referéncias de Arabidopsis e arroz (TABELA 22). As alteracdes exclusivas e conjuntas
na AOX1cde A. thaliana, A161E&G165R (-5,6kcal/mol) ou W186R (-5,7 kcal/mol) ou R242S
(-5,6kcal/mol), indicam uma interacdo AOX1c-UQH> mais favoravel, uma vez que essas
mutaces resultaram em um valor de afinidade de ligacédo inferior (TABELA 22). O diagrama
de interacdo com o UQH: das estruturas mutantes apresentou 0 mesmo padrdo do diagrama da
referéncia, 0 que sugere que a interagdo mais favoravel esta, principalmente, relacionada as
mudancas no potencial eletrostatico (FIGURAS 25 — 27) e a reducdo na distancia entre os ions
Fe3* e os H redutores do ligante (TABELA 22).

As modifica¢bes na AOX1d e na AOX2 de A. thaliana, D274H (-6,7kcal/mol) e
S76F (-7,1kcal/mol), indicam uma interacdo AOX- UQH:2 mais favoravel, pois resultaram em
um valor de afinidade de ligacdo menor (TABELA 22). Em comparacéo a referéncia AOX1d,
o diagrama de interacdo do D274H com o UQH: apresentou uma ponte de H entre o AA 100
e o H redutor do ligante, além disso, obteve um potencial eletrostatico mais positivo e uma
reducdo na distancia Fe**~H (TABELA 22 e FIGURAS 28 e 34). Enquanto para AOX2, a
analise comparativa demonstrou uma mudanga completa no padréo bidimensional de interacéo
com o ligante na estrutura mutante (FIGURA 34). Além disso, a distancia Fe**—H aumentou
consideravelmente para a modificacdo S76F (TABELA 22).

As alteraces A232T e A232T&G239R na AOX1c de O. sativa, -5,5kcal/mol e -
7,4kcal/mol, respectivamente, indicam uma interacdo AOX1c-UQH mais favoravel do que a
da referéncia, uma vez que, essas mutacdes resultaram em valores de afinidade de ligagdo
menores (TABELA 22). Enquanto a alteracdo G239R (-3,9kcal/mol) apresentou-se menos

favoravel do que a referéncia (TABELA 22). A modificagdo A232T apresentou 0 mesmo



88

padréo de interacdo que a referéncia, no entanto, ndo apresentou uma ponte de H com o H
redutor do UQH: (FIGURA 35), além de também ter uma distancia menor entre Fe**—H e um
potencial de superficie mais negativo (TABELA 22). Em contrapartida, a modificacdo G239R
foi menos favoravel, apresentando a ocorréncia de uma interacdo hidrofobica com a (Y)214
(préxima ao centro de reagdo), uma distancia Fe**—~H menor e um potencial de superficie
consideravelmente mais positivo (FIGURA 32 e 35 e TABELA 22).

O diagrama de interagdo do UQH2 com a estrutura A232T&G239R apresentou um
padrdo totalmente distinto do diagrama da referéncia, mostrando interacfes diretas com a
modificacdo 239R e no entorno da modificacdo 232T (FIGURA 35). Além disso, apresentou
uma mudanca do potencial de superficie para um mais positivo e uma reducdo na distancia
entre os fons Fe**~H (FIGURA 30 e TABELA 22). Dessa forma, curiosamente, quando a
modificacdo G239R ocorre em conjunto com a mudanca A232T, caracteristica de 90,9% dos
ecotipos que apresentaram alteragdes de AA nas posi¢des 232 ou 239, a interacdo com o ligante
é consideravelmente mais favorecida do que no caso da referéncia e das modificagdes sozinhas.
Nesse sentido, pode-se hipotetizar que a presenca simultdnea dessas mudancas foram
consequéncia de uma selecdo positiva da estrutura com ambas modificacdes, uma vez que, foi
observada uma melhor afinidade de ligacdo para esta condi¢cdo do que para as mudangas
ocorrendo sozinhas (TABELA 22).

Pelley (2012) descreve que diferencas entre as interacfes de um ligante com
estruturas distintas, no presente trabalho mudancas no potencial eletrostatico, na distancia
Fe**—H e na interacdo entre os AA e os atomos do UQH: apresentadas por estruturas mutantes,
podem ocasionar modificagdes internas que afetam as interagdes fracas e covalentes envolvidas
na energia de ativagdo. Provavelmente, os SNPs/SAPs aqui descritos influenciaram essas
interacbes nos complexos AOX-UQH>, reduzindo a energia de ativacdo nos complexos
mutantes, o que sugere que essas modificacdes acarretam em interacfes AOX-UQH2 mais
favoraveis. De acordo com Tekin e Erkoc (2010), o ubigquinol ¢ uma molécula altamente
flexivel em condi¢fes aquosas e de vacuo; assim, uma modificacdo de AA na AOX que possa
permitir uma interacdo mais favoravel entre a AOX e 0 UQHo>, ir4 favorecer a estabilizagdo
desse ligante e, consequentemente, diminuir a energia de ativacdo, aumentando a eficiéncia da

enzima, portanto, da reacao.

6.4 SNPs favoraveis a atividade da AOX: uma conexao com estresses abidticos
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Reunindo todos os resultados, identificamos que a altitude e a pluviosidade atuam
como indutores de selecdo para as mutagfes A161E&G165R, W186R, R242S, D274H, S76F
e A232T&G239R. Esse mesmo padrao foi identificado anteriormente para a proteina de mesma
classe PTOX (THIERS et al., 2019). Ambas as condi¢cbes parecem agir tanto
independentemente, como conjuntamente, nessa selecao.

Especificamente, varios estudos mostram que a altitude elevada esté diretamente
associada a reducéo proporcional da temperatura e ao aumento proporcional da exposicao a luz
solar (KOFIDIS et al., 2003; DIAS et al., 2007; THOMSON, 2014; RAJSNEROVA et al.,
2015; ZHOU et al. 2017). Dos ecdtipos analisados, nenhum pertence a uma altitude acima de
3000m (dados ndo mostrados). Barry (2008) explica que altitudes em torno de 3000m
apresentam temperaturas medias de -5 ° C, proximo as variacOes de temperatura presentes nos
climas aqui classificados (-3°C - 22°C). Dessa forma, corrobora-se que ndo hé relacdo direta
entre os polimorfismos e a variagdo de temperatura (do frio ao quente). A elevada exposicao a
irradiacdo solar esté diretamente envolvida na reducdo consideravel das taxas de transporte de
elétrons dentro dos fotossistemas, mesmo quando suplementados com CO2, causando o
acumulo de elétrons nas estruturas fotossintéticas; no aumento das taxas de fotorrespiracao,
contribuindo ainda mais para a acumulacdo de elétrons nos sistemas da planta; na limitagéo do
aparato respiratério, causando um aumento de EROSs; na diminui¢cdo da concentracdo e
biossintese de pigmentos fotossintéticos; e na reducdo consideravel das taxas de
evapotranspiracdo (GALE, 2004; MORAIS et al. 2007; MURRAY e HORSCROFT, 2016;
PAKHARKOVA et al., 2020; STECCANELA et al. 2015; FUJIMURA et al., 2009; GARCIA-
PLAZAOLA et al., 2015; CUl et al., 2018; ZHANG et al. 2016).

Enquanto para a pluviosidade, varios estudos associam 0 excesso de chuvas a
condicdo de solo encharcado (TABARI, 2020; PONTING et al., 2021; WASKO e NATHAN,
2019; MULLAN et al., 2018). O encharcamento de solos esta diretamente envolvido na
reducdo na disponibilidade de O2 (hipoxia), pois a difusdo dos gases nessas condi¢des € muito
lenta, além de haver competicdo com microrganismos (VISSER et al., 2003). Bem como, esta
relacionado a danos aos aparatos fotossintético e respiratdrio; consequentemente, a formagéo
de EROs; ao déficit de minerais (FUKAO et al., 2019; JACKSON e COLMER, 2005;
ROSENZWEIG et al., 2002; KOZLOWSKI, 1984). O solo encharcado acarreta ainda na
condi¢do chamada de “seca hidrica”, em que apesar da imensa disponibilidade de agua, a planta
ndo consegue absorver &gua, devido as raizes danificadas e a relacdo negativa entre a agua
disponivel e a agua de fato extraivel do solo (CARLESSO, 1995; LAMBERS e OLIVEIRA,

2019). A escassez de agua acarreta em prejuizos, principalmente, no desenvolvimento e na
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produtividade das plantas, afetando as taxas fotossintéticas e a absorcéao de nutrientes (FAHAD
etal., 2017; SELEIMAN et al., 2021).

E importante ressaltar, que as modificacbes selecionadas nessas condicoes
ocorreram para as AOX1c, AOX1d e AOX2. De modo geral, a familia da AOX1 esta
relacionada a indugdo por estresse abidtico, enquanto AOX2 é expressa constitutivamente e
induzida sob determinados estresses, como a elevada intensidade solar (FENG et al., 2007;
VANLERBERGHE et al., 2020). Especificamente, a AOX1a, a AOX1b e a AOX1d séo
induzidas nas primeiras horas de contato com o estresse, atuando como um mecanismo
primario de resposta, onde a AOX1a e a AOX1d sdo as principais responsaveis pelas aces
desempenhadas pela AOX no estimulo inicial (SAIKA et al., 2002; WANNIARACHCHI et
al., 2018; XIAO et al., 2021; XIAO et al., 2010). Enquanto, a AOX1c atua como suporte a acao
primaria da AOX1a e AOX1d, revelando niveis de expressao elevados ap0s as primeiras horas
de contato com o estresse, enquanto ocorre o decaimento da expressao da AOX1ae da AOX1d,
mostrando-se associada a respostas prolongadas (SAIKA et al., 2002; FENG et al., 2007;
XIAO et al., 2021; XIAO et al., 2010).

Assim, as isoformas de AOXs parecem ter funcdes metabdlicas distintas, padrdo
ja observado por Selinsk et al. (2018). Eles identificaram que ha diferentes propriedades
bioguimicas entre as isoformas da AOX, sugerindo que elas ndo podem substituir
completamente umas as outras e, portanto, outros mecanismos regulatorios estdo envolvidos
nessa diferenciacdo (Selinski et al., 2018). Assim, nas condic¢des geograficas que investigamos,
a AOXI1c apresenta-se como a proteina mais promissora a responder ao estresse abidtico
prolongado, uma vez que, 0s ecoOtipos que pertencem as condi¢des de elevada pluviosidade
e/ou altitude, estdo submetidos a estas constantemente. Além disso, AOX1d e AOX2 também
sdo estimuladas nessas condicdes. Portanto, a selecdo positiva das modificacBes, mais
favoraveis (D161E&GI165R, WI186R, R242S, D274H, S76F, A232T&G239R) nessas
proteinas, provavelmente esta associada ao desenvolvimento da tolerancia a estas condicdes,
ou seja, adaptacéo local.

A AOX desempenha diversos mecanismos metabdlicos para manter a homeostase
em condicOes de estresse. Porém, especificamente, para as condigdes de elevada exposicdo a
luz solar e solo encharcado, existem diversos trabalhos que indicam as agdes de fato
desempenhadas pela AOX, quando induzida nessas condi¢des (ALRIC e JOHNSON, 2017;
MULLINEAUX et al., 2018; VANLERBERGHE et al., 2020; SHAFIQ et al., 2021; TSUJI et
al., 2000; LIU e GUO, 2017). A AOX impede o acumulo de equivalentes redutores e a

formacédo de EROs nos fotossistemas e nas mitocondrias; além de regular positivamente 0s



91

sistemas de enzimas antioxidantes e as vias de biossintese de pigmentos fotossintéticos;
processos normalmente perturbados pelos estresses de elevada irradiagdo, hipoxia e “seca
hidrica” (AFFOURTIT et al., 2002; VISHWAKARMA et al., 2015; SAHA et al., 2016;
MCDONALD e GOSPODARYOQV, 2018; XIAO etal., 2021; VANLERBERGHE et al., 2020;
FENG et al., 2007; XU et al., 2011; TANG et al., 2017; LAMBERS e OLIVEIRA, 2019).
Estes estudos indicam que a AOX esta envolvida no combate a estresses abidticos,
regulando positivamente processos celulares essenciais a manutencdo da homeostase das
plantas (NOBRE et al., 2016). Nesse contexto, pode-se hipotetizar que as condi¢des abioticas
extremas relacionadas a elevada exposicao a luz solar e ao solo encharcado podem selecionar
mudancas que resultam em uma interacdo AOX-UQH. mais eficiente. Portanto, é provavel que
0s ecoOtipos que pertencem as condicdes de elevada altitude e pluviosidade tenham sofrido
selecdo positiva para as modificagdes aqui apresentadas, para os genes da AOXI1c de
Arabidopsis e arroz, e AOX1d e AOX2 de A. thaliana, possivelmente induzidas pelas

condigdes geograficas aqui caracterizadas.
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7. CONCLUSAO

As analises in silico dos genes da AOX de A. thaliana e O. sativa sugerem que
ocorre a selecdo positiva de SNPs, devido a alta altitude e pluviosidade, que resultam em uma
interacdo mais eficiente com o UQH>. A sele¢éo positiva dos SNPs foi observada nos genes
AOX1c de ambas as espécies estudadas e no At AOX1d e At_ AOX2. Nesse contexto,
hipotetizamos que as condi¢des abioticas extremas relacionadas a elevada exposicédo a luz solar
e ao solo encharcado acarretaram em uma pressao ambiental de selecdo de mudancas que
resultam em uma interagdo AOX-UQH: mais eficiente. Portanto, é provavel que os ec6tipos
que pertencem as condicBes de elevada altitude e pluviosidade tenham sofrido selecdo positiva
para as modificacfes aqui apresentadas, para 0s genes da AOX1c de Arabidopsis e arroz, e
AOX1d e AOX2 de A. thaliana.
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APENDICE A - SEQUENCIAS GENOMICAS E CDNAS DA AOX

SEQUENCIAS DOS GENES DA AOX (EXONS — EM AMARELO + INTRONS —
NAO SOMBREADO) E cDNAS GENOMICOS DEDUZIDOS DE ARABIDOPSIS E
ARROZ, COM SEUS RESPECTIVOS CODONS DE INICIACAO E TERMINACAO
SELECIONADOS EM VERDE E VERMELHO, RESPECTIVAMENTE

>Gene_At_AOXla
ATGATGATAACTCGCGGTGGAGCCAAGGCGGCGAAATCGCTGTTAGTGGCGGCTGGACCACGTTTGTTCTCGACG
GTCCGTACGGTTTCGTCTCACGAGGCTTTATCAGCAAGCCATATTTTGAAGCCTGGTGTTACATCTGCTTGGATA
TGGACTAGAGCTCCGACGAT TGGAGGTATGAGATTCGCTAGCACGATCACTCTGGGAGAGAAAACTCCGATGAAG
GAGGAGGACGCGAATCAGAAGAAAACAGAGAACGAATCCACCGGTGGAGACGCCGCCGGAGGTAATAACAAGGGA
GATAAAGGAATCGCGAGCTATTGGGGTGTTGAACCTAATAAGATTACTAAAGAAGATGGTTCTGAATGGAAGTGG
AACTGTTTCAGGGTACGTTATAGCTAGATTCGTATACAGTGTTGTTCTTCGTTGATCTGTGTAAATTTGTTGAAA
TTTCTTTGGATTTTTGCAGCCATGGGAAACGTATAAAGCTGATATAACGATAGATCTGAAGAAGCATCATGTTCC
AACGACGTTTCTTGATAGAATAGCTTATTGGACTGTTAAATCTCTTCGTTGGCCTACCGATTTGTTCTTCCAGGT
ACTGTTCTTCTTCTTCTTCTCCCATGGAAAATTTCTTTACATTTTTTGCCAATTTTATGATATGGAAATGATCCA
AATCTGATATCGTCATTGATTACGTGTAACCTTAAATATTTTATTTCATTCTTTTTATAGCAACTAGTCAATATT
TTGTTTGATTATTTTGGAATATATGTGTTTATTATATTAATCACTTCGTTAGTGCTTTGGATTCTTGGTTAATTG
TTGGTTAATTATCATTATGTAATGAATTATTGGTTAATTGTTGGTCTGATTGTGATATTGTGAATTAAAACAGAG
GAGATATGGATGTCGAGCTATGATGCTTGAAACTGTAGCAGCAGTACCTGGAATGGTTGGAGGAATGTTACTACA
CTGCAAATCGCTTCGACGTTTTGAGCAAAGTGGAGGATGGATTAAGGCTCTTCTTGAGGAAGCAGAGAATGAGAG
AATGCATCTTATGACATTCATGGAAGTCGCGAAACCGAAATGGTACGAGAGAGCGCTCGTGATCACTGTGCAAGG
AGTCTTCTTCAACGCTTATTTCCTTGGTTACTTAATCTCTCCCAAGTTTGCTCATCGTATGGTTGGGTACCTTGA
AGAAGAAGCGATCCATTCTTATACTGAGTTTCTCAAGGAACTTGACAAAGGTAACATTGAGAATGTTCCTGCTCC
GGCTATTGCTATTGATTACTGGAGGCTTCCTGCTGATGCGACACTTCGTGATGTTGTGATGGTTGTTCGTGCTGA
CGAGGCTCATCACCGTGATGTAAACCATTTTGCATCTGTAAGTATATTATTTGCTTGAGACTAAATTCTAAAGCT
TAAAATCGTGTGTTACTGATCAATTATGGTTTTACTTTGTAGGATATTCACTACCAAGGTCGTGAACTAAAGGAA
GCTCCAGCTCCAATTGGGTATCATTGA

>cDNA_At_ AOX1a
ATGATGATAACTCGCGGTGGAGCCAAGGCGGCGAAATCGCTGTTAGTGGCGGCTGGACCACGTTTGTTCTCGACG
GTCCGTACGGTTTCGTCTCACGAGGCTTTATCAGCAAGCCATATTTTGAAGCCTGGTGTTACATCTGCTTGGATA
TGGACTAGAGCTCCGACGATTGGAGGTATGAGATTCGCTAGCACGATCACTCTGGGAGAGAAAACTCCGATGAAG
GAGGAGGACGCGAATCAGAAGAAAACAGAGAACGAATCCACCGGTGGAGACGCCGCCGGAGGTAATAACAAGGGA
GATAAAGGAATCGCGAGCTATTGGGGTGTTGAACCTAATAAGATTACTAAAGAAGATGGTTCTGAATGGAAGTGG
AACTGTTTCAGGCCATGGGAAACGTATAAAGCTGATATAACGATAGATCTGAAGAAGCATCATGTTCCAACGACG
TTTCTTGATAGAATAGCTTATTGGACTGTTAAATCTCTTCGTTGGCCTACCGATTTGTTCTTCCAGAGGAGATAT
GGATGTCGAGCTATGATGCTTGAAACTGTAGCAGCAGTACCTGGAATGGTTGGAGGAATGTTACTACACTGCAAA
TCGCTTCGACGTTTTGAGCAAAGTGGAGGATGGATTAAGGCTCTTCTTGAGGAAGCAGAGAATGAGAGAATGCAT
CTTATGACATTCATGGAAGTCGCGAAACCGAAATGGTACGAGAGAGCGCTCGTGATCACTGTGCAAGGAGTCTTC
TTCAACGCTTATTTCCTTGGTTACTTAATCTCTCCCAAGTTTGCTCATCGTATGGTTGGGTACCTTGAAGAAGAA
GCGATCCATTCTTATACTGAGTTTCTCAAGGAACTTGACAAAGGTAACATTGAGAATGTTCCTGCTCCGGCTATT
GCTATTGATTACTGGAGGCTTCCTGCTGATGCGACACTTCGTGATGTTGTGATGGTTGTTCGTGCTGACGAGGCT
CATCACCGTGATGTAAACCATTTTGCATCTGATATTCACTACCAAGGTCGTGAACTAAAGGAAGCTCCAGCTCCA
ATTGGGTATCATTGA

>Gene_At_ AOX1b

ATGATGATGAGTCGTCGCTATGGAGCCAAGCTAATGGAAACTGCTGTGACTCACAGCCATCTTTTGAATCCTAGG
GTTCCTCTCGTGACGGAAAATATTAGGGTTCCGGCGATGGGAGTCGTGAGAGTTTTCAGCAAGATGACATTTGAG
AAGAAGAAAACTACGGAGGAGAAAGGATCTAGCGGTGGCAAGGCTGATCAAGGTAACAAAGGGGAGCAATTAATC
GTTAGCTACTGGGGAGTGAAGCCGATGAAGATCACCAAAGAAGATGGAACTGAATGGAAATGGAGTTGCTTTAGG
GTACATTACATCTTTGGTATTATATTAGAACTCTGTGGTCGATTTATATGTATGATTTGAGTTTTTGTGTGGAAT
AACTGTAGCCATGGGAGACATATAAATCAGATCTGACTATAGATTTGAAGAAGCATCATGTTCCATCGACTTTAC
CGGACAAACTAGCTTATTGGACCGTGAAATCTCTTCGATGGCCTACCGATCTTTTCTTCCAGGTGACAGTCTTAG
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CTTTCTATGGTTTTGTCATTTCAAATGCTTTGTATGTTTGGACTAATCTTGCCAACGAGTTAACCGCAGAGGCGG
TACGGATGCAGAGCAATGATGCTAGAAACGGTTGCAGCGGTTCCAGGAATGGTTGGAGGGATGTTAGTACACTGC
AAATCGCTTCGACGGTTTGAACAAAGCGGTGGTTGGATCAAAGCCCTACTTGAAGAAGCAGAGAACGAGAGAATG
CATTTAATGACATTCATGGAAGTCGCGAAACCTAATTGGTACGAACGAGCTCTTGTGATTGCCGTTCAAGGCATT
TTCTTCAATGCTTATTTCCTTGGATACCTAATTTCTCCCAAATTTGCTCATCGTATGGTTGGATACCTTGAGGAA
GAAGCAATCCACTCTTACACTGAGTTTCTTAAAGAACTCGATAATGGTAACATCGAAAATGTGCCTGCACCGGCT
ATTGCCATTGATTACTGGAGACTTGAAGCTGATGCGACGCTTCGTGATGTCGTCATGGTGGTCCGTGCTGATGAA
GCGCATCACCGTGATGTTAACCACTATGCATCCGTAAGTAGTGTGAATTGTATTATAGGAAACTTACTTATGTTT
AAAAGATGATTAGATTGTTTTCATGGTTTTAATAAAAATTGCAGGATATTCATTACCAAGGTCGTGAGCTAAAAG
AAGCTCCAGCTCCCATTGGATATCATTGA

>CDNA_At_AOX1b
ATGATGATGAGTCGTCGCTATGGAGCCAAGCTAATGGAAACTGCTGTGACTCACAGCCATCTTTTGAATCCTAGG
GTTCCTCTCGTGACGGAAAATATTAGGGTTCCGGCGATGGGAGTCGTGAGAGTTTTCAGCAAGATGACATTTGAG
AAGAAGAAAACTACGGAGGAGAAAGGATCTAGCGGTGGCAAGGCTGATCAAGGTAACAAAGGGGAGCAATTAATC
GTTAGCTACTGGGGAGTGAAGCCGATGAAGATCACCAAAGAAGATGGAACTGAATGGAAATGGAGTTGCTTTAGG
CCATGGGAGACATATAAATCAGATCTGACTATAGATTTGAAGAAGCATCATGTTCCATCGACTTTACCGGACAAA
CTAGCTTATTGGACCGTGAAATCTCTTCGATGGCCTACCGATCTTTTCTTCCAGAGGCGGTACGGATGCAGAGCA
ATGATGCTAGAAACGGTTGCAGCGGTTCCAGGAATGGTTGGAGGGATGTTAGTACACTGCAAATCGCTTCGACGG
TTTGAACAAAGCGGTGGTTGGATCAAAGCCCTACTTGAAGAAGCAGAGAACGAGAGAATGCATTTAATGACATTC
ATGGAAGTCGCGAAACCTAATTGGTACGAACGAGCTCTTGTGATTGCCGTTCAAGGCATTTTCTTCAATGCTTAT
TTCCTTGGATACCTAATTTCTCCCAAATTTGCTCATCGTATGGTTGGATACCTTGAGGAAGAAGCAATCCACTCT
TACACTGAGTTTCTTAAAGAACTCGATAATGGTAACATCGAAAATGTGCCTGCACCGGCTATTGCCATTGATTAC
TGGAGACTTGAAGCTGATGCGACGCTTCGTGATGTCGTCATGGTGGTCCGTGCTGATGAAGCGCATCACCGTGAT
GTTAACCACTATGCATCCGATATTCATTACCAAGGTCGTGAGCTAAAAGAAGCTCCAGCTCCCATTGGATATCAT
TGA

>Gene_At AOXl1c
ATGATCACTACATTACTCCGTCGCTCTCTCCTTGACGCATCAAAGCAAGCGACATCCATTAATGGAATTCTATTT
CACCAACTTGCTCCAGCGAAATATTTTAGGGTTCCGGCAGTGGGAGGTCTGAGAGATTTCAGCAAGATGACATTT
GAAAAGAAGAAAACATCGGAAGAAGAGGAAGGATCCGGTGACGGCGTCAAGGTTAATGATCAAGGTAACAAAGGG
GAACAATTAATAGTTAGTTATTGGGGCGTGAAGCCAATGAAAATCACCAAAGAAGATGGAACTGAATGGAAATGG
AGTTGCTTTCGGGTACATAGCATATTTTTACTACATGTTTTGGTGTCTTGTTACTTACTCTTGGTCGATTTATAA
GTATTTTTTGTGTTTTTGTCGAATAATGGTAGCCATGGGAGACTTATAAAGCTGATCTAACGATAGATTTGAAGA
AGCATCATGTTCCTTCAACTTTACCGGACAAAATAGCTTATTGGATGGTTAAATCTCTTCGATGGCCTACCGATC
TTTTCTTCCAGGTACACTCTTAGGTTTCTATTGTTCCAACCGCTAACTAAGTCTTTAACTAGTGAAAACTGTTTT
AGAAGATTTGGTAGCTAGCTATCATTTTTAGAAGATTTTAGTATGGACTAATTCTTGGCAATGACTTAACGCAGA
GGAGGTATGGTTGCCGAGCGATTATGCTAGAGACGGTTGCAGCGGTTCCAGGAATGGTTGGAGGGATGCTTATGC
ACTTCAAATCTCTCAGGCGTTTCGAACAAAGTGGGGGTTGGATCAAAGCCCTTCTCGAAGAAGCAGAGAATGAGA
GAATGCACTTAATGACATTCATGGAAGTAGCGAAACCCAAATGGTACGAACGAGCTCTTGTGATCTCTGTTCAAG
GGGTTTTCTTCAACGCTTATTTAATCGGATACATAATCTCTCCCAAGTTTGCTCATCGTATGGTTGGATACCTTG
AGGAAGAAGCAATACATTCTTACACTGAGTTTCTCAAAGAACTCGATAACGGTAACATCGAAAATGTTCCTGCAC
CGGCTATCGCTGTTGATTACTGGAGGCTTGAAGCTGATGCAACGCTTCGTGATGTTGTCATGGTGGTTCGTGCTG
ATGAGGCGCATCACCGTGACGTTAACCACTATGCATCCGTAAGTGTATACTCTAAATGAATGGAAATTATATAAG
TTAAAGATCGATGCTTAATTCTTATAATATGTTTGTATAAATTGCAGGATATTCACTACCAAGGTCATGAGCTGA
AAGAAGCTCCAGCTCCTATAGGATATCACTGA

>cDNA_At AOX1c
ATGATCACTACATTACTCCGTCGCTCTCTCCTTGACGCATCAAAGCAAGCGACATCCATTAATGGAATTCTATTT
CACCAACTTGCTCCAGCGAAATATTTTAGGGTTCCGGCAGTGGGAGGTCTGAGAGATTTCAGCAAGATGACATTT
GAAAAGAAGAAAACATCGGAAGAAGAGGAAGGATCCGGTGACGGCGTCAAGGTTAATGATCAAGGTAACAAAGGG
GAACAATTAATAGTTAGTTATTGGGGCGTGAAGCCAATGAAAATCACCAAAGAAGATGGAACTGAATGGAAATGG
AGTTGCTTTCGGCCATGGGAGACTTATAAAGCTGATCTAACGATAGATTTGAAGAAGCATCATGTTCCTTCAACT
TTACCGGACAAAATAGCTTATTGGATGGTTAAATCTCTTCGATGGCCTACCGATCTTTTCTTCCAGAGGAGGTAT
GGTTGCCGAGCGATTATGCTAGAGACGGTTGCAGCGGTTCCAGGAATGGTTGGAGGGATGCTTATGCACTTCAAA
TCTCTCAGGCGTTTCGAACAAAGTGGGGGTTGGATCAAAGCCCTTCTCGAAGAAGCAGAGAATGAGAGAATGCAC
TTAATGACATTCATGGAAGTAGCGAAACCCAAATGGTACGAACGAGCTCTTGTGATCTCTGTTCAAGGGGTTTTC
TTCAACGCTTATTTAATCGGATACATAATCTCTCCCAAGTTTGCTCATCGTATGGTTGGATACCTTGAGGAAGAA
GCAATACATTCTTACACTGAGTTTCTCAAAGAACTCGATAACGGTAACATCGAAAATGTTCCTGCACCGGCTATC
GCTGTTGATTACTGGAGGCTTGAAGCTGATGCAACGCTTCGTGATGTTGTCATGGTGGTTCGTGCTGATGAGGCG
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CATCACCGTGACGTTAACCACTATGCATCCGATATTCACTACCAAGGTCATGAGCTGAAAGAAGCTCCAGCTCCT
ATAGGATATCACTGA

>Gene_At_AOX1d
ATGTCCTACAGATCGATTTACCGCACTCTTCGACCGGTACTATCATCTTCGGTACAATCCTCCGGTTTAGGAATT
GGAGGATTCAGGGGACATCTCATTAGCCACTTGCCCAATGTTCGGCTATTGAGCTCTGACACGTCATCTCCGGTA
AGTGGGAATAACCAGCCAGAAAATCCTATCCGAACGGCCGATGGTAAAGTTATATCCACTTATTGGGGTATACCT
CCTACTAAGATCACTAAACCGGACGGTTCAGCTTGGAAGTGGAATTGTTTTCAGCCATGGGATTCATACAAACCG
GATGTGTCCATTGATGTAACTAAACATCATAAACCCTCCAATTTCACTGACAAATTCGCATATTGGACCGTTCAA
ACTCTGAAAATACCGGTTCAACTATTTTTTCAGGTAATTTAATCAGAAATTTTAAATCTTCTTCATTTGTTCTTT
TATTTTTAACATGATTTTGTTTTTTCAAAAATTGAATAATTTGATTTTTGAGTATAGAGGAAGCACATGTGCCAT
GCGATGTTGCTAGAGACGGTGGCTGCGGTGCCGGGAATGGTCGGGGGGATGCTTTTGCACT TGAAATCTCTCCGG
AGGTTCGAACATAGCGGGGGATGGATCAAAGCTTTGCTCGAAGAGGCTGAGAACGAGCGTATGCATCTCATGACT
TTCATCGAACTTTCACAACCCAAATGGTATGTATATATGCATGCATGTACCTTTTTAGTTTATTACCTTTTCTAA
ATAACACGTAACTTGTATTACATTTCTAATCAAGTTTGGTTTGACCTAGATCGGTTATCTAATAGAAACAGTTCT
AACCTAAAACTTTTGGAATTGTGTAATTCATTTATCATTTGAACCGGTGTTTGAAGGTACGAACGAGCGATTGTG
TTCACGGTCCAAGGCGTTTTCTTCAACGCATATTTCCTGGCTTATGTAATTTCACCCAAACTTGCTCATCGTATC
ACTGGATACTTAGAAGAAGAGGCTGTAAATTCTTACACTGAATTTCTCAAAGACATTGATGCCGGAAAATTCGAA
AACTCGCCAGCTCCAGCCATCGCAATCGATTACTGGCGGTTGCCTAAAGATGCAACGCTTAGGGATGTGGTTTAT
GTTATACGAGCTGACGAAGCTCACCACCGTGATATTAACCACTATGCTTCGGTAAGGAGTTGTATAGTTTATTTG
TCAAAATGATAAAACAATGTGATATTGGTATAAAATGTAAATTTCGTTACAATATGGAATTTTATGTGTGCAGGA
TATACAATTCAAAGGACATGAACTCAAGGAAGCTCCGGCTCCTATTGGATATCATTAA

>cDNA_At_AOX1d
ATGTCCTACAGATCGATTTACCGCACTCTTCGACCGGTACTATCATCTTCGGTACAATCCTCCGGTTTAGGAATT
GGAGGATTCAGGGGACATCTCATTAGCCACTTGCCCAATGTTCGGCTATTGAGCTCTGACACGTCATCTCCGGTA
AGTGGGAATAACCAGCCAGAAAATCCTATCCGAACGGCCGATGGTAAAGTTATATCCACTTATTGGGGTATACCT
CCTACTAAGATCACTAAACCGGACGGTTCAGCTTGGAAGTGGAATTGTTTTCAGCCATGGGATTCATACAAACCG
GATGTGTCCATTGATGTAACTAAACATCATAAACCCTCCAATTTCACTGACAAATTCGCATATTGGACCGTTCAA
ACTCTGAAAATACCGGTTCAACTATTTTTTCAGAGGAAGCACATGTGCCATGCGATGTTGCTAGAGACGGTGGCT
GCGGTGCCGGGAATGGTCGGGGGGATGCTTTTGCACTTGAAATCTCTCCGGAGGTTCGAACATAGCGGGGGATGG
ATCAAAGCTTTGCTCGAAGAGGCTGAGAACGAGCGTATGCATCTCATGACTTTCATCGAACTTTCACAACCCAAA
TGGTATGAACGAGCGATTGTGTTCACGGTCCAAGGCGTTTTCTTCAACGCATATTTCCTGGCTTATGTAATTTCA
CCCAAACTTGCTCATCGTATCACTGGATACTTAGAAGAAGAGGCTGTAAATTCTTACACTGAATTTCTCAAAGAC
ATTGATGCCGGAAAATTCGAAAACTCGCCAGCTCCAGCCATCGCAATCGATTACTGGCGGTTGCCTAAAGATGCA
ACGCTTAGGGATGTGGTTTATGTTATACGAGCTGACGAAGCTCACCACCGTGATATTAACCACTATGCTTCGGAT
ATACAATTCAAAGGACATGAACTCAAGGAAGCTCCGGCTCCTATTGGATATCATTAA

>Gene_At_AOX2

ATGAGTCAACTCATTACGAAAGCAGCTTTACGAGTTCTGCTTGTCTGCGGCAGAGGAAACTGTAACATGTTCGTG
AGTTCTGTTTCCTCCACCTCTGTTATGAAAAGTCCGTATGAGATAACGGCACCGATGCGAATTCATGACTGGTGC
GGCGGTTTTGGCGATTTCAAGATCGGCTCTAAGCATGTGCAAGGTGTGCATATCTGTAGATGATCCTCATACAAC
CTTATAACAATTGTACATGATAATTAGGATTTGTATATTTCTAAAATTTGAATAGGAAATTTTAACTTGAGGTGG
ATGGGTATGAGTTCTGCATCGGCGATGGAGAAGAAAGATGAAAATTTGACGGTAAAGAAGGGTCAAAACGGCGGEG
GGGTCAGTAGCGGTTCCAAGTTATTGGGGAATAGAGACAGCAAAGATGAAAATTACTCGGAAAGATGGATCGGAT
TGGCCTTGGAACTGTTTTATGGTAAACTTATACACATCCCAAAGTTCGTAGACAAATTAAGCACTCTTTTATATG
TAGTAGATATATGACTTAAGTATATTTTGAACAGCCATGGGAGACTTATCAAGCAAATCTGTCGATAGATTTGAA
GAAGCACCACGTTCCGAAGAATATCGCCGACAAAGTCGCTTACCGGATTGTCAAGCTCCTCCGTATTCCCACCGA
TATATTTTTTCAGGCATGACTGTAATTTCAAATTTTAAAATGAAACGTTGATTCGTTTAATATGTTCATTGGTTT
ATTTAGCTGATTCGGTTTGGTTTGGTTTGTAATTTTGTATGCACATATTATCCTACCATGATTCACATATATACA
TACGTATGGATTCACTGTTTCACTTCACATGCTAATGTTTTACATTTTTTGTTCCTTAATGTTAAATATATGTTT
GGTCAGCAGAGACGATATGGATGCAGAGCGATGATGCTAGAGACAGTAGCTGCAGTACCAGGAATGGTTGGAGGA
ATGCTTCTTCACCTAAAATCAATCCGAAAATTCGAACATAGCGGCGGTTGGATCAAAGCATTACTCGAAGAAGCA
GAGAACGAGAGGATGCATCTAATGACGATGATGGAGTTAGTCAAACCCAAATGGTACGAGCGTCTTCTAGTGATG
CTTGTTCAAGGAATATTCTTCAACTCTTTTTTCGTTTGTTACGTGATTTCCCCGCGGTTAGCTCATAGGGTCGTT
GGATATTTAGAGGAAGAAGCTATACATTCTTACACCGAGTTTCTTAAAGATATCGACAATGGGAAGATCGAGAAT
GTTGCCGCGCCCGCGATTGCTATTGATTATTGGAGATTGCCTAAAGATGCTACGTTGAAAGATGTTGTAACGGTG
ATTCGTGCTGATGAAGCTCATCATCGAGATGTCAACCATTTTGCTTCTGTGAGTCTAAAACAACAACCCTTTTAT
TTTTTTTCCAAAACTCCCGAGTTTCATACATTTCTTCGGGTCCATTTCGGTGATATTAAAATAACAAATGATATA
AGTAGTAGAATCAACGACATTTGGTGTGTGGATACATACAAGTTCATAGTTTTTAATATAAATCAATGAATTTTA
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AAAATCTGTGGATTTGTTATGTTGTGTGGTGTTTTTGAATTGTTAATATTGTGAGTTATTTGCAGGACATTCGCA
ATCAAGGAAAAGAGTTGCGAGAAGCAGCAGCTCCGATTGGTTATCACTAA

>CcDNA_At_AOX2
ATGAGTCAACTCATTACGAAAGCAGCTTTACGAGTTCTGCTTGTCTGCGGCAGAGGAAACTGTAACATGTTCGTG
AGTTCTGTTTCCTCCACCTCTGTTATGAAAAGTCCGTATGAGATAACGGCACCGATGCGAATTCATGACTGGTGC
GGCGGTTTTGGCGATTTCAAGATCGGCTCTAAGCATGTGCAAGGAAATTTTAACTTGAGGTGGATGGGTATGAGT
TCTGCATCGGCGATGGAGAAGAAAGATGAAAATTTGACGGTAAAGAAGGGTCAAAACGGCGGGGGGTCAGTAGCG
GTTCCAAGTTATTGGGGAATAGAGACAGCAAAGATGAAAATTACTCGGAAAGATGGATCGGATTGGCCTTGGAAC
TGTTTTATGCCATGGGAGACTTATCAAGCAAATCTGTCGATAGATTTGAAGAAGCACCACGTTCCGAAGAATATC
GCCGACAAAGTCGCTTACCGGATTGTCAAGCTCCTCCGTATTCCCACCGATATATTTTTTCAGAGACGATATGGA
TGCAGAGCGATGATGCTAGAGACAGTAGCTGCAGTACCAGGAATGGTTGGAGGAATGCTTCTTCACCTAAAATCA
ATCCGAAAATTCGAACATAGCGGCGGTTGGATCAAAGCATTACTCGAAGAAGCAGAGAACGAGAGGATGCATCTA
ATGACGATGATGGAGTTAGTCAAACCCAAATGGTACGAGCGTCTTCTAGTGATGCTTGTTCAAGGAATATTCTTC
AACTCTTTTTTCGTTTGTTACGTGATTTCCCCGCGGTTAGCTCATAGGGTCGTTGGATATTTAGAGGAAGAAGCT
ATACATTCTTACACCGAGTTTCTTAAAGATATCGACAATGGGAAGATCGAGAATGTTGCCGCGCCCGCGATTGCT
ATTGATTATTGGAGATTGCCTAAAGATGCTACGTTGAAAGATGTTGTAACGGTGATTCGTGCTGATGAAGCTCAT
CATCGAGATGTCAACCATTTTGCTTCTGACATTCGCAATCAAGGAAAAGAGTTGCGAGAAGCAGCAGCTCCGATT
GGTTATCACTAA

>Gene_Os_AOX1la
ATGAGCTCCCGGATGGCCGGATCGGCGATCCTCCGTCACGTCGGCGGCGTCCGCCTCTTCACCGCGTCGGCGACC
TCTCCGGCGGCGGCGGCGGCGGCGGCGGCGAGGCCGTTCCTTGCAGGCGGAGAAGCCGTCCCCGGGGTGTGGGGG
TTGCGGCTGATGTCCACGTCGTCCGTGGCGTCGACGGAGGCGGCGGCCAAGGCGGAGGCCAAGAAGGCGGACGCG
GAGAAGGAGGTGGTGGTCAACAGCTACTGGGGCATCGAGCAGTCGAAGAAGCTGGTGCGGGAGGACGGCACGGAG
TGGAAGTGGTCTTGCTTTAGGGTACTTGCGCTTCGCTTTGCTCCTGATCGGTTTCCTGTTTCGATTCTGTTTGTC
CCGTAGATTGATCGCCAGATCGATGTATCCATACTCCGAGATAGTAGGCTCGGTCCTTAACTTGTCGCGCCGCCG
TGTGTAATTTTGGTTTGATTTTCTCCGCAGCCATGGGAGACCTACACCGCGGACACTTCGATCGATCTGACGAAG
CACCACGTGCCCAAGACGCTGCTCGACAAGATCGCCTACTGGACCGTCAAGTCGCTGCGCTTCCCCACTGATATC
TTCTTCCAGGTATAATTGTGCTTACTCGATCACCATGCACCGCCCGACGGCCGTTTGATTCTCCGGGTGATTAGC
GCTGTGTGTTTAGTTCAACGTTTTTTTCGAAGGGAAAAACTGAGAGGCCGCGTGACTCTTGGCGTGTCATAAGAG
GCAAAGTAGCATTGCAACCAGGGCACTTGAGAATTTTGGTTTCCTTGCTTCCGGGAAGATGCCATTTGTATTTAG
GACGCCTGGGTTCTACCTGATCCACCTGTGTGATTGATTTTATTTTCGGAAAGTATTTTCTACACCTAGGTAACA
TGGCACCTATGTGTATGCATGCAATTTAAACCGTTATAAAAAAATTTACAAACATTATACAAACATGTAAGTCTA
AATTCGATCAACATATGAAGAAACAAAAATAATAAATTTTATATGCGCTCTTCGGGTACTATTCACTGTCTGATT
TTATTATTTTTGTTTCTCTAGTTATAGATCAAATTTAGTCATGCATGTTTGTGTATAGACTTATATCATCACAAT
CGATGTTACTAATTTTTTTTTCAATTTTTTCTATAACTATTTGAGTCGCATGCAAATGATGGGTGTCATAGCACT
TAGGTGTAGAAAATCCCTGTCCTTTTATTTTCCGCTATACTATCTGATAACAACGGCTAAGAAAAGGACACGCAT
TGTGAGAAGGACTCAACTTTGATTTGTTAATCTCTTGCCCATTAAATCAATCATAGGCTTATTACTGTTTGCACT
ACAATGACTGGTGATCCAATTGTTTCCTAGTGCAAATTAATCTATATATGATTCTAATGTCTTATGACTAATTTG
GAAGAACAATTATATTACATGATATCCATTTCTAGTAGTATGTGGAAATGATCTCTAGTCGGTCGCTAATTGCTG
TAACTGTCAATGGTTAACACTGCAAATTGGGTTGGGTGCAGAGGAGGTATGGCTGCCGCGCGATGATGCTGGAGA
CGGTGGCGGCGGTGCCGGGGATGGTGGGCGGCATGCTGCTCCACCTCCGGTCCCTCCGGCGCTTCGAGCAGAGCG
GCGGCTGGATCCGCACGCTGCTGGAAGAGGCCGAGAACGAGCGCATGCACCTGATGACCTTCATGGAGGTGGCGA
ACCCAAAGTGGTACGAGCGCGCCCTCGTCATCACCGTCCAGGGCGTCTTCTTCAACGCCTACTTCCTGGGTTACC
TCCTCTCCCCCAAGTTCGCGCACCGCGTCGTCGGCTACCTCGAGGAGGAGGCCATCCACTCGTACACCGAGTTCC
TCAAGGACCTCGAGGCCGGCAAGATCGACAACGTCCCTGCCCCGGCCATCGCCATCGACTACTGGCGCCTCCCCG
CCAACGCCACGCTCAAGGACGTCGTCACCGTCGTGCGCGCCGACGAGGCTCACCACCGCGACGTCAATCACTTCG
CATCGGTACGCATGCATGATCAGCGATCTTGCTCTTTGATCTCGCCTTTTGGGGATGTATGTTGAATTGGTTCTG
ACGTGTGATCTGGTCTGGCTTGTGATGTGCAGGACATCCATTACCAGGGCATGGAGCTGAAGCAGACCCCTGCGC
CGATCGGATATCACTGA

>cDNA_Os_AOX1a
ATGAGCTCCCGGATGGCCGGATCGGCGATCCTCCGTCACGTCGGCGGCGTCCGCCTCTTCACCGCGTCGGCGACC
TCTCCGGCGGCGGCGGCGGCGGCGGCGGCGAGGCCGTTCCTTGCAGGCGGAGAAGCCGTCCCCGGGGTGTGGGGEG
TTGCGGCTGATGTCCACGTCGTCCGTGGCGTCGACGGAGGCGGCGGCCAAGGCGGAGGCCAAGAAGGCGGALCGEG
GAGAAGGAGGTGGTGGTCAACAGCTACTGGGGCATCGAGCAGTCGAAGAAGCTGGTGCGGGAGGACGGCACGGAG
TGGAAGTGGTCTTGCTTTAGGCCATGGGAGACCTACACCGCGGACACTTCGATCGATCTGACGAAGCACCACGTG
CCCAAGACGCTGCTCGACAAGATCGCCTACTGGACCGTCAAGTCGCTGCGCTTCCCCACTGATATCTTCTTCCAG
AGGAGGTATGGCTGCCGCGCGATGATGCTGGAGACGGTGGCGGCGGTGCCGGGGATGGTGGGCGGCATGCTGLCTC
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CACCTCCGGTCCCTCCGGCGCTTCGAGCAGAGCGGCGGCTGGATCCGCACGCTGCTGGAAGAGGCCGAGAACGAG
CGCATGCACCTGATGACCTTCATGGAGGTGGCGAACCCAAAGTGGTACGAGCGCGCCCTCGTCATCACCGTCCAG
GGCGTCTTCTTCAACGCCTACTTCCTGGGTTACCTCCTCTCCCCCAAGTTCGCGCACCGCGTCGTCGGCTACCTC
GAGGAGGAGGCCATCCACTCGTACACCGAGTTCCTCAAGGACCTCGAGGCCGGCAAGATCGACAACGTCCCTGCC
CCGGCCATCGCCATCGACTACTGGCGCCTCCCCGCCAACGCCACGCTCAAGGACGTCGTCACCGTCGTGCGLCGCC
GACGAGGCTCACCACCGCGACGTCAATCACTTCGCATCGGACATCCATTACCAGGGCATGGAGCTGAAGCAGACC
CCTGCGCCGATCGGATATCACTGA

>Gene_Os_AOX1c
ATGGGCTCCCGCGCTGCTGGATCAGTCCTCCTCCGCCACCTCTGCCCCCGAGTCTCCAGCTCGACCTCTGCGGCT
GCGCATGCGCATGCGCAGCGGCCTCCGTTAGCCGGCGCCGGCGGAGGGGGCGTGGCCTTGTGGGCGCGACTTCTG
TCCACCTCCGCCGCCGCGGCGAAGGAGGAGACGGCCGCGTCCAAGGAGAACACCGGGAGCACCGCCGCCGCGAAG
GCGGAGGCGACGAAGGCCGCCAAGGAAGGGCCGGCCAGTGCGACTGCGAGTCCCGTGGCGAGCAGCTACTGGGGC
ATCGAGGCGTCGAAGCTCGCGAGCAAGGACGGCGTCGAGTGGAAGTGGTCTTGCTTCAGAGTAAGAATCGATTTA
TCCATGATCCTGCTTAAAGATCGCTTCCTCTCTTTTTTGCTGTTAATTTAACTAATCTGAATTCAATTTGTGTAA
CTGCGTCGATGAATTAATGTGTTTGCTAATTTGCAGCCATGGGAGACGTACTCGCCGGACACGACGATCGACCTG
AAGAAGCACCACGAGCCGAAGGTGCTGCTCGACAAGGTCGCCTACTGGACCGTCAAGGCGCTGCGCGTGCCCACT
GACATCTTCTTCCAGGTAACCAACCACAACTAATTTTCCATCAAAGATCATGCCAATCTATTTTGCTGATCGAAA
TGGATGGGAATCAATGGAACGATTTTGCAGAGGAGGTACGGGTGCCGCGCGATGATGCTGGAGACGGTGGCGGCG
GTGCCGGGGATGGTGGGCGGCATGCTGCTGCACCTCCGGTCGCTCCGCCGCTTCGAGCACAGCGGCGGCTGGATC
CGCGCGCTGCTGGAGGAGGCCGAGAACGAGCGGATGCACCTCATGACCTTCATGGAGGTGGCCAAGCCGAGGTGG
TACGAGCGCGCGCTCGTGCTCGCCGTCCAGGGCGTCTTCTTCAACGCCTACTTCCTCGGCTACCTCCTGTCCCCC
AAGCTCGCGCACCGCGTCGTCGGCTACCTCGAGGAGGAGGCCATCCACTCCTACACCGAGTACCTCAAGGACATC
GAGGCCGGCAAGATCGAGAACGTCCCCGCGCCGCCGATCGCCATCGACTACTGGCGCCTCCCCGCCGGCGCCACG
CTCAAGGACGTCGTCGTCGTCGTCCGCGCCGACGAGGCACACCACCGCGACGTCAACCACTTCGCGTCGGTACGT
GCGTGTGAATTCCTAAGTTTGCTGTGGGCTTTGTGTACGGCTTGTGATGACTGGATTGTTCTTTTGCTTGTGATG
TGCATGCAGGATGTTCATTTTCAGGGGATGGATCTCAAGGATATCCCTGCCCCGCTCGATTATCACTGA

>CcDNA_Os_AOXIc
ATGGGCTCCCGCGCTGCTGGATCAGTCCTCCTCCGCCACCTCTGCCCCCGAGTCTCCAGCTCGACCTCTGCGGCT
GCGCATGCGCATGCGCAGCGGCCTCCGTTAGCCGGCGCCGGCGGAGGGGGCGETGGCCTTGTGGGCGCGACTTCTG
TCCACCTCCGCCGCCGCGGCGAAGGAGGAGACGGCCGCGTCCAAGGAGAACACCGGGAGCACCGLCCGCCGLCGAAG
GCGGAGGCGACGAAGGCCGCCAAGGAAGGGCCGGCCAGTGCGACTGCGAGTCCCGTGGCGAGCAGCTACTGGGGL
ATCGAGGCGTCGAAGCTCGCGAGCAAGGACGGCGTCGAGTGGAAGTGGTCTTGCTTCAGACCATGGGAGACGTAC
TCGCCGGACACGACGATCGACCTGAAGAAGCACCACGAGCCGAAGGTGCTGCTCGACAAGGTCGCCTACTGGACC
GTCAAGGCGCTGCGCGTGCCCACTGACATCTTCTTCCAGAGGAGGTACGGGTGCCGCGCGATGATGCTGGAGACG
GTGGCGGCGGTGCCGGGGATGGTGGGCGGCATGCTGCTGCACCTCCGGTCGCTCCGCCGCTTCGAGCACAGCGGL
GGCTGGATCCGCGCGCTGCTGGAGGAGGCCGAGAACGAGCGGATGCACCTCATGACCTTCATGGAGGTGGCCAAG
CCGAGGTGGTACGAGCGCGCGCTCGTGCTCGCCGTCCAGGGCGTCTTCTTCAACGCCTACTTCCTCGGCTACCTC
CTGTCCCCCAAGCTCGCGCACCGCGTCGTCGGCTACCTCGAGGAGGAGGCCATCCACTCCTACACCGAGTACCTC
AAGGACATCGAGGCCGGCAAGATCGAGAACGTCCCCGCGCCGCCGATCGCCATCGACTACTGGLGLCTCCCCGCC
GGCGCCACGCTCAAGGACGTCGTCGTCGTCGTCCGCGCCGACGAGGCACACCACCGCGACGTCAACCACTTCGCG
TCGGATGTTCATTTTCAGGGGATGGATCTCAAGGATATCCCTGCCCCGCTCGATTATCACTGA

>Gene_0Os_AOX1d

ATGAGCTCCCGAATGGCCGGAGCGACGCTGCTGCGCCACCTGGGCCCCCGCCTGTTCGCCGCCGAGCCTGTGTAC
TCCGGGCTCGCCGCGAGCGCCAGGGGCGTCATGCCCGCCGCCGCGAGGATTTTCCCCGCGCGGATGGCCAGCACC
AGCAGCGCCGGCGCGGACGTCAAAGAAGGCGCAGCCGAGAAGCTGCCGGAGCCGGLCGGCAACGGCGGLGGLGEGELG
GCGACCGACCCGCAGAACAAGAAGGCCGTCGTGAGCTACTGGGGCATCCAGCCGCCGAAGCTCGTGAAGGAGGAC
GGCACGGAATGGAAGTGGCTCAGTTTTAGGGTAAGCGCTCATCAACCATTGATGTGTGCGCTTCTTTTTTTGTTT
TTTTGCACGGTGAATTCTCGATTTGATCGTGTTCATGATGTGTGTTTCTTTTGCATTGTGACACAGCCATGGGAC
ACGTACACGTCGGACACGTCGATCGACGTGACGAAGCACCACGAGCCGAAGGGCCTCCCGGACAAGCTGGCGTAC
TGGACGGTGAGGTCGCTGGCGGTGCCCAGGGACCTCTTCTTCCAGCGGCGGCACGCGAGCCACGCGCTGCTGCTG
GAGACGGTGGCCGGGGTGCCCGGGATGGTGGGCGGCATGCTGCTCCACCTGCGCTCCCTCCGCCGCTTCGAGCAG
AGCGGCGGCTGGATCCGCGCGCTGCTGGAGGAGGCCGAGAACGAGCGGATGCACCTGATGACCTTCCTGGAGGTG
ATGCAGCCACGGTGGTGGGAGCGCGCCCTCGTGCTCGCCGCGCAGGGCGTCTTCTTCAACGCCTACTTCGTCGGC
TACCTCGTCTCCCCCAAGTTCGCGCACCGCTTCGTCGGCTACCTCGAGGAGGAGGCCGTGAGCTCGTACACCGAG
TACCTCAAGGACCTCGAGGCCGGCAAGATCGAGAACACGCCGGCGCCGGCCATCGCCATCGACTACTGGCGLCTC
CCCGCCGACGCCACGCTCAAGGACGTCGTCACCGTCATCCGCGCCGACGAGGCGCACCACCGCGACCTCAACCAT
TTCGCATCGGTACGCATATGCCAGCCTGAAAACAACCAATCTCGCCTGCTTAATTTTTGTGTGAACGGGTTTGAG
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CTAACCGATCGCGTTTCTCGTGTTGGTACATCACTTGTGCAGGACATCCAGCAACAGGGGATGAAGCTGAAGGAT
ACGCCTGCGCCTATCGGGTATCACTGA

>cDNA_Os_AOX1d
ATGAGCTCCCGAATGGCCGGAGCGACGCTGCTGCGCCACCTGGGCCCCCGCCTGTTCGCCGCCGAGCCTGTGTAC
TCCGGGCTCGCCGCGAGCGCCAGGGGCGTCATGCCCGCCGCCGCGAGGATTTTCCCCGCGCGGATGGCCAGCACC
AGCAGCGCCGGCGCGGACGTCAAAGAAGGCGCAGCCGAGAAGCTGCCGGAGCCGGLGGCAALCGGLGGLGGLGGELEG
GCGACCGACCCGCAGAACAAGAAGGCCGTCGTGAGCTACTGGGGCATCCAGCCGCCGAAGCTCGTGAAGGAGGAC
GGCACGGAATGGAAGTGGCTCAGTTTTAGGCCATGGGACACGTACACGTCGGACACGTCGATCGACGTGACGAAG
CACCACGAGCCGAAGGGCCTCCCGGACAAGCTGGCGTACTGGACGGTGAGGTCGCTGGCGGTGCCCAGGGALCCTC
TTCTTCCAGCGGCGGCACGCGAGCCACGCGCTGCTGCTGGAGACGGTGGCCGGGGTGCCCGGGATGGTGGGLCGGL
ATGCTGCTCCACCTGCGCTCCCTCCGCCGCTTCGAGCAGAGCGGCGGCTGGATCCGCGCGCTGCTGGAGGAGGCC
GAGAACGAGCGGATGCACCTGATGACCTTCCTGGAGGTGATGCAGCCACGGTGGTGGGAGCGCGCCCTCGETGLTC
GCCGCGCAGGGCGTCTTCTTCAACGCCTACTTCGTCGGCTACCTCGTCTCCCCCAAGTTCGCGCACCGCTTCGTC
GGCTACCTCGAGGAGGAGGCCGTGAGCTCGTACACCGAGTACCTCAAGGACCTCGAGGCCGGCAAGATCGAGAAC
ACGCCGGCGCCGGCCATCGCCATCGACTACTGGCGCCTCCCCGCCGACGCCACGCTCAAGGACGTCGTCALCCGTC
ATCCGCGCCGACGAGGCGCACCACCGCGACCTCAACCATTTCGCATCGGACATCCAGCAACAGGGGATGAAGCTG
AAGGATACGCCTGCGCCTATCGGGTATCACTGA

>Gene_Os_AOXle
ATGGCCCTGGTGCAGTCGGCGCGGCGTGCCGCGGGGCCGGCGGCGAGCCGGCTCTTCTCGACGGCGTCGGTGGCG
GCGGCCGGGCGCTCCCCCGTGGCTGGCCTGCCGAAGGCGCTGCCGCGGCCGGCCATATCGTCGCTGTGGATGGTC
GGCGCCGCCGCTCCGCCCCGCCGCTTTGCCGGCACGGCGGCGGTGGGCGGTGTCGACGTGACCGCGCCGACGGCG
ACGCCACCGCCGGCGAAGAAAGAGGAATCGGAGAAGGAGGCGGCGAGCTACTGGGGCGTGGCGCCGACGAGGCTC
GTCAAGGAAGACGGCACGGTGTGGAAGTGGTCCTGCTTCCGGGTACGCATGCACTGGCACAGCACGTTGATTAAT
TAATTAATCAGTTAACAAAGCTCCGTTAATCACCGTCGTTAAAGCTCGCTGGTTAACTCACTCTACTGTTGAACA
GCCGTGGGACACGTACGAAGCTGACGTGGCGATCGATCTGACGAAACACCACAACCCGGCGACGCTCGGTGACAA
GGTTGCCAGGTGGACGGTCAAATCGTTGCGCTGGCCGGTTGACCTCTTCTTCCAGGTAACCCTTCGCTTTCCTCA
TTTCTGTATCGTTTCTGAAATGAAATGATGTAGTACAATCTAATACAAATCACATGCAATTCCTGAATCTTTAAC
TATGCTGCTGCCTACTCTACATGCTTGCGAGTCGTCTACATATGCTTGGAATTTTTTTTCTTAGCATAGAGATCA
TTGATTTGTTTAACTGAAAAATTAATCAAGGATCATTTTCGAATCGGCGAACTTTACAGCCGAAGATCTGGACCG
TCCAGTGAATTCAGTTCAGCTGGATGAGTTCGGACCATACGGCTGAGCAGCTTCGAAAGAATTGAATTTGAATGA
ACTCTCATACACTCGATCTTCGGAACAGTGATCTCCGGGCCCATTGATCCACTACAAGCCCAAGCTCAAATACGG
TCCTGTTGGACTTGGGCCGAACCGTGAATACCGGTGAACTCTTTTGGGTAATCCTGTTGTTGGGTTCTATGGGCC
CTGGCACGAAACAATGGCCGGGCCGGGCCGGGCTTGGTAGTCTTGGACTGGGCTTCGGGTTCCATTTGATATTTT
TCAACCTGCAAGAAAGAACATGCTTGACTGACTGACAGACAGGTAACCATACTCTGTTTTCCCCTGTTCTTTCGA
GCTAGTACTAACTGCTATCGTCATGACCCGGGTGAGATTGTAAATGGAACGAACGATTACTCTAATGAGATTTTA
TCGTGACGAAGCGATTAATTCGTATCGAGAGTTGATAATTGATCAGATTGCTAATCAACTAGTAGCAGCAATGAT
GAATGAATTCTGATGGTCAATTTGGTTGTCAGAGGAGGTACGGGTGCCGGGCGATGATGCTGGAGACGGTGGCGG
CGGTGCCGGGGATGGTGGCCGGCGCGGTGCTGCATCTGCGTTCGCTGCGGCGGTTCGAGCACAGCGGCGGGTGGA
TCCGGGCGCTGCTGGAGGAGGCCGAGAACGAGCGGATGCACCTGATGACGTTCATGGAGGTGTCGCAGCCGCGGT
GGTACGAGCGGGCGCTGGTGGTCGCCGTCCAGGGCGCCTTCTTCAACGCCTACCTCGCCTCCTACCTCCTCTCCC
CTCGCTTCGCCCACCGCATCGTCGGCTACCTCGAGGAGGAGGCCGTCCACTCCTACACCGAGTTCCTCCGCGACC
TCGACGCCGGCAAGATCGACGACGTCCCCGCCCCCGCCATCGCCATCGACTACTGGCGCCTCCCCGCCGACGCCA
CCCTCAGGGACGTCGTCATGGTCGTCCGCGCCGACGAGGCCCACCACCGCGACGTCAACCACTACGCCTCCGTAC
GCTTCCCTCACTCCCTCACCTTGTGTTGGACGATGCATCATGTCTCGCAATTTCGAAGCARAACAAAAAGGAGAA
GAAATTTGAACGAATTTTGCTAACTTTGTCCATGGCTGTGGATGTGCAGGACATACATTACCAGGGTCACGCGCT
GAGGGAGGTGGCCGCGCCGCTCGGCTACCACTGA

>CDNA_Os_AOXle

ATGGCCCTGGTGCAGTCGGCGCGGCGTGCCGCGGGGLCLCGGCGGCGAGCCGGCTCTTCTCGACGGCGTCGGETGGLG
GCGGCCGGGCGCTCCCCCGTGGCTGGCCTGCCGAAGGCGCTGCCGCGGCCGGCCATATCGTCGCTGTGGATGGTC
GGCGCCGCCGCTCCGCCCCGCCGCTTTGCCGGCACGGLCGGLCGGETGGGCGGTGTCGACGTGACCGLCGLCCGALCGGLG
ACGCCACCGCCGGCGAAGAAAGAGGAATCGGAGAAGGAGGCGGCGAGCTACTGGGGCGTGGCGCCGACGAGGLCTC
GTCAAGGAAGACGGCACGGTGTGGAAGTGGTCCTGCTTCCGGCCGTGGGACACGTACGAAGCTGACGTGGCGATC
GATCTGACGAAACACCACAACCCGGCGACGCTCGGTGACAAGGTTGCCAGGTGGACGGTCAAATCGTTGCGCTGG
CCGGTTGACCTCTTCTTCCAGAGGAGGTACGGGTGCCGGGCGATGATGCTGGAGACGGTGGCGGCGGTGLCCGGGEGE
ATGGTGGCCGGCGCGGTGCTGCATCTGCGTTCGCTGCGGCGGTTCGAGCACAGCGGCGGGETGGATCCGGGLGLTG
CTGGAGGAGGCCGAGAACGAGCGGATGCACCTGATGACGTTCATGGAGGTGTCGCAGCCGCGGTGGTACGAGLCGG
GCGCTGGTGGTCGCCGTCCAGGGCGCCTTCTTCAACGCCTACCTCGCCTCCTACCTCCTCTCCCCTCGCTTCGCC
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CACCGCATCGTCGGCTACCTCGAGGAGGAGGCCGTCCACTCCTACACCGAGTTCCTCCGCGACCTCGACGLCCGGC
AAGATCGACGACGTCCCCGCCCCCGCCATCGCCATCGACTACTGGCGCCTCCCCGCCGACGCCACCCTCAGGGAL
GTCGTCATGGTCGTCCGCGCCGACGAGGCCCACCACCGCGACGTCAACCACTACGCCTCCGACATACATTACCAG
GGTCACGCGCTGAGGGAGGTGGCCGCGCCGCTCGGCTACCACTGA
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APENDICE B — SEQUENCIAS PRIMARIAS DAS AOX

SEQUENCIAS PRIMARIAS DAS PROTEINAS DAS AOX DE ARABIDOPSIS E
ARROZ COM SUAS RESPECTIVAS PRE-SEQUENCIAS, A SEREM REMOVIDAS,
INDICADAS EM AZUL

>Proteina_At_AOXla
MMITRGGAKAAKSLLVAAGPRLESTVRTVSSHEALSASHILKPGVTSAWIWTRAPTIGGMRFASTITLGEKTPMK
EEDANQKKTENESTGGDAAGGNNKGDKGIASYWGVEPNKITKEDGSEWKWNCFRPWETYKADITIDLKKHHVPTT
FLDRIAYWTVKSLRWPTDLFFQRRYGCRAMMLETVAAVPGMVGGMLLHCKSLRRFEQSGGWIKALLEEAENERMH
LMTFMEVAKPKWYERALVITVQGVEFFNAYFLGYLISPKFAHRMVGYLEEEATHSYTEFLKELDKGNIENVPAPAT
AIDYWRLPADATLRDVVMVVRADEAHHRDVNHFASDIHYQGRELKEAPAPIGYH-

>Proteina_ At AOX1b
MMMSRRYGAKLMETAVTHSHLLNPRVPLVTENIRVPAMGVVRVESKMTFEKKKTTEEKGS SGGKADQGNKGEQLT
VSYWGVKPMKITKEDGTEWKWSCFRPWETYKSDLTIDLKKHHVPSTLPDKLAYWTVKSLRWPTDLFFQRRYGCRA
MMLETVAAVPGMVGGMLVHCKSLRRFEQSGGWIKALLEEAENERMHLMTFMEVAKPNWYERALVIAVQGIFENAY
FLGYLISPKFAHRMVGYLEEEAIHSYTEFLKELDNGNIENVPAPAIAIDYWRLEADATLRDVVMVVRADEAHHRD
VNHYASDIHYQGRELKEAPAPIGYH-

>Proteina_ At AOX1c
MITTLLRRSLLDASKQATSINGILFHQLAPAKYFRVPAVGGLRDFSKMTFEKKKTSEEEEGSGDGVKVNDQGNKG
EQLIVSYWGVKPMKITKEDGTEWKWSCFRPWETYKADLTIDLKKHHVPSTLPDKIAYWMVKSLRWPTDLEFFQRRY
GCRAIMLETVEAAVPGMVGGMLMHFKSLRRFEQSGGWIKALLEEAENERMHLMTFMEVAKPKWYERALVISVQGV
FENAYLIGYIISPKFAHSMVGYLEEEATHSYTEFLKELDNGNIENVPAPATAVDYWRLEADATLRDVVMVVRADE
AHHRDVNHYASDIHYQGHELKEAPAPIGYH-

>Proteina_ At AOX1d
MSYRSIYRTLRPVLSSSVQSSGLGIGGFRGHLISHLPNVRLLSSDTSSPVSGNNQPENPIRTADGKVISTYWGIP
PTKITKPDGSAWKWNCEFQPWDSYKPDVSIDVTKHHKPSNETDKFAYWTVQTLKIPVQLFFQRKHMCHAMLLETVA
AVPGMVGGMLLHLKSLRRFEHSGGWIKALLEEAENERMHLMTFIELSQPKWYERAIVFTVQGVFFNAYFLAYVIS
PKLAHRITGYLEEEAVNSYTEFLKDIDAGKFENSPAPATAIDYWRLPKDATLRDVVYVIRADEAHHRDINHYASD
IQFKGHELKEAPAPIGYH-

>Proteina_ At AOX2
MSQLITKAALRVLLVCGRGNCNMEVSSVSSTSVMKSPYEITAPMRIHDWCGGEGDFKIGSKHVQGNENLRWMGMS
SASAMEKKDENLTVKKGONGGGSVAVPSYWGIETAKMKITRKDGSDWPWNCEFMPWETYQANLSIDLKKHHVPKNT
ADKVAYRIVKLLRIPTDIFFQRRYGCRAMMLETVAAVPGMVGGMLLHLKSIRKFEHSGGWIKALLEEAENERMHL
MTMMELVKPKWYERLLVMLVQGIFEFNSFFVCYVISPRLAHRVVGYLEEEATHSYTEFLKDIDNGKIENVAAPATA
IDYWRLPKDATLKDVVTVIRADEAHHRDVNHFASDIRNQGKELREAAAPTIGYH-

>Proteina_Os_ AOXla
MSSRMAGSAILRHVGGVRLFTASATSPAAAAAAAARPFLAGGEAVPGVWGLRLMSTSSVASTEAAAKAEAKKADA
EKEVVVNSYWGIEQSKKLVREDGTEWKWSCFRPWETYTADTSIDLTKHHVPKTLLDKIAYWTVKSLRFPTDIFFEFQ
RRYGCRAMMLETVAAVPGMVGGMLLHLRSLRRFEQSGGWIRTLLEEAENERMHLMTEFMEVANPKWYERALVITVQ
GVFFNAYFLGYLLSPKFAHRVVGYLEEEATHSYTEFLKDLEAGKIDNVPAPATAIDYWRLPANATLKDVVTVVRA
DEAHHRDVNHFASDIHYQGMELKQTPAPIGYH-

>Proteina_Os_ AOXl1c
MGSRAAGSVLLRHLCPRVSSSTSAAAHAHAQRPPLAGAGGGGVALWARLLSTSAAAAKEETAASKENTGSTAAAK
AEATKAAKEGPASATASPVASSYWGIEASKLASKDGVEWKWSCFRPWETYSPDTTIDLKKHHEPKVLLDKVAYWT
VKALRVPTDIFFQRRYGCRAMMLETVAAVPGMVGGMLLHLRSLRRFEHSGGWIRALLEEAENERMHLMTFMEVAK
PRWYERALVLAVQGVFEFNAYFLGYLLSPKLAHRVVGYLEEEATHSYTEYLKDIEAGKIENVPAPPTIATDYWRLPA
GATLKDVVVVVRADEAHHRDVNHFASDVHFQGMDLKDIPAPLDYH-
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>Proteina_Os_ AOX1d
MSSRMAGATLLRHLGPRLFAAEPVYSGLAASARGVMPAAARTIFPARMASTSSAGADVKEGAAEKLPEPAATAAAA
ATDPONKKAVVSYWGIQPPKLVKEDGTEWKWLSFRPWDTYTSDTSIDVTKHHEPKGLPDKLAYWTVRSLAVPRDL
FFOQRRHASHALLLETVAGVPGMVGGMLLHLRSLRRFEQSGGWIRALLEEAENERMHLMTFLEVMOPRWWERALVL
AAQGVFFNAYFVGYLVSPKFAHRFVGYLEEEAVSSYTEYLKDLEAGKIENTPAPATAIDYWRLPADATLKDVVTV
IRADEAHHRDLNHFASDIQQQOGMKLKDTPAPIGYH-

>Proteina_Os_AOXle
MALVQSARRAAGPAASRLFSTASVAAAGRSPVAGLPKALPRPAISSLWMVGAAAPPRRFAGTAAVGGVDVTAPTA
TPPPAKKEESEKEAASYWGVAPTRLVKEDGTVWKWSCFRPWDTYEADVAIDLTKHHNPATLGDKVARWTVKSLRW
PVDLFFQRRYGCRAMMLETVAAVPGMVAGAVLHLRSLRRFEHSGGWIRALLEEAENERMHLMTFMEVSQPRWYER
ALVVAVQGAFFNAYLASYLLSPRFAHRIVGYLEEEAVHSYTEFLRDLDAGKIDDVPAPATIAIDYWRLPADATLRD
VVMVVRADEAHHRDVNHYASDIHYQGHALREVAAPLGYH-
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APENDICE C - SNPs DA AOX1a DE de A. thaliana

SNPs ENCONTRADOS NO GENE AOX1a DE de 1190 ECOTIPOS DE A. thaliana,
EM QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS
PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “IDCODE” DOS

ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO
SINONIMOS INDICADOS POR UM ASTERISCO (*)

SNPs Ecdétipos com o SNP especificado no gene da At AOX1la
GBA* 7344, 8312,

7394, 7333,7322, 6911, 6244, 6202, 6194, 6189, 6016, 8238, 8284, 9382, 9413, 9520, 9525,
9540, 9567, 9583,
9587, 9670, 9676, 9677, 9678, 9686, 9713, 9723, 9757, 9764, 9844, 9856, 9870, 9886, 9930,
9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226, ICE228, ICE7,

88, 265, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 763, 765
766, 768, 772, 801, 853
854, 867, 868, 870, 915, 932, 992, 997, 1002, 1063, 1066, 1317, 1612, 1622, 1651, 1652, 1676, 1684
1739, 1741, 1756, 1757

1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1890, 1925, 1942, 1943, 1954, 2016, 2017
2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2191, 2202, 2212, 2239, 2240, 2285
2286, 2370, 2412, 4779, 4807, 4826, 4958, 5104, 5151, 5210, 5349, 5486, 5644, 5741, 5757, 5768,
5779, 5811, 5830, 5831, 5837, 5865, 5893, 6009, 6010, 6013, 6016, 6019, 6021, 6022, 6025, 6030
6034, 6039, 6041, 6071, 6073, 6085, 6088, 6094, 6095, 6097, 6098, 6099, 6100, 6102, 6105, 6106
6108, 6111, 6123, 6126, 6133, 6138, 6169, 6172, 6173, 6174, 6189, 6192, 6194, 6202, 6203, 6209
6210, 6214, 6216, 6217, 6220, 6221, 6235, 6243, 6244, 6390, 6434, 6680, 6739, 6740, 6749, 6750
6805, 6806, 6814, 6830, 6903, 6907, 6908, 6911, 6913, 6917, 6919, 6920, 6922, 6923, 6926, 6927
6929, 6931, 6932, 6938, 6945, 6951, 6957, 6963, 6967, 6969, 6975, 6979, 6981, 6987, 6990, 6992
7002, 7013, 7014, 7025, 7031, 7033, 7036, 7067, 7071, 7072, 7077, 7096, 7102, 7106, 7111, 7117
7120, 7126, 7127, 7138, 7143, 7147, 7158, 7162, 7165, 7169, 7183, 7186, 7202, 7209, 7213, 7231
7244, 7248, 7258, 7268

7273, 7276, 7280, 7288, 7296, 7306, 7314, 7316, 7322, 7323, 7332, 7337, 7342, 7346, 7349, 7350

7353, 7356, 7358, 7359,
7372, 7377, 7394, 7404, 7413, 7418, 7424, 7461, 7475, 7477, 7520, 7521, 7566, 7568, 7717, 7757,
7767,7917, 8037, 8057,
8077, 8312, 8132, 8171, 8214, 8222, 8231, 8233, 8234, 8235, 8236, 8238, 8239, 8241, 8242,
8243, 8246, 8256,

8258, 8259, 8284, 8285, 8290, 8297, 8307, 8311, 8326, 8334, 8365, 8386, 8419, 8420, 8422,

8424, 8426, 8427,

8464, 8483, 8699, 8723, 9057, 9058, 9075, 9078, 9079, 9084, 9085, 9091, 9125, 9131

9133, 9134, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9371,

0381, 9382, 9383, 9388, 9395, 9399, 9404, 9405, 9407, 9409, 9412, 9413, 9421, 9427,

9436, 9437, 9451, 9452, 9517, 9518, 9520, 9523, 9525, 9527, 9535, 9540, 9552, 9558,

9561, 9567, 9569, 9571, 9583, 9584, 9590, 9591, 9592, 9599, 9601, 9607, 9608, 96009,

9610, 9611,

9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627, 9628, 9629,
9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644,
9646, 9649, 9653, 9656, 9658, 9660,

9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9686, 9689, 9690,
9691, 9692, 9693, 9697, 9698, 9701, 9704, 9705, 9706, 9707, 9708, 9709, 9711, 9713
9716, 9717, 9718, 9721, 9722, 9723, 9725, 9726, 9727, 9730, 9731, 9732, 9733, 9735,
9737, 9738, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9758,
9764, 9766, 9768, 9769, 9770, 9771, 9776, 9777, 9778, 9779, 9782, 9783, 9784, 9785,
9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795, 9796, 9797, 9798, 9800,

9801, 9802, 9803, 9805, 9806, 9807,

G22A*

G46A*
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9808, 9810, 9812, 9813, 9814, 9815, 9816, 9822, 9823, 9827, 9828, 9838, 9840, 9843, 9847,
9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9860, 9861, 9862, 9869, 9870, 9875, 9877,
9883, 9886, 9894, 9898, 9899, 9912,
9915, 9918, 9921, 9925, 9926, 9927, 9929, 9930, 9953, 9955, 9957, 9958, 9959, 9960, 9973,
9978, 9979, 9987,
10005, 10008, 10009, 10010, 10020, 10022, 10023, 14312, 14313, 14314, 14315, 14318,
14319, 15560, 18694,
18696, Del-10, Don-0, Ey15-2, HKT2, ICE106, ICE127, ICE130, ICE134, ICE138, ICE150, ICE152,
ICE153, ICE163,
ICE181, ICE21, ICE226,ICE228, ICE33, ICE60, ICE61, ICE63, ICE70, ICE71, ICE72, ICE73, ICE75,
ICE79, Leo-1, Niel-2, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9, TueWal-2, Vash-1, Yeg-
1,

7394, 7333, 7031, 6911, 6244, 6202, 6194, 6189, 6016, 8238, 9057, 9382, 9383, 9413, 9520,
9525, 9540, 9568,

TATC™ | 9583, 9670, 9676, 9677, 9678, 9686, 9704, 9713, 9723, 14312, 14313, 14314, 14315, 15560,
18894, Don-0, ICE226, ICE228, ICE7,

GA49A* 7387

T54C 6016, 9382, 9383, 9543, 9869,

G55A* 7036, 6974, 6680, 6021, 6019, 2202, 2016, 9929, 9843, 9831, 9709, 9421, 8297, 8222,

C59T 7258, 6390, 9731, 9735, Del-10,

T65C 6911

T67A 5784

T70G 5210

428, 6016, 6189, 6194, 6202, 6244, 6911, 7031, 7322, 7333, 7394, ICE7, ICE226, ICE228,
8238, 9057, 9383,

G76A | 9520, 9525, 9540, 9543, 9583, 9598, 9670, 9676, 9677, 9678, 9686, 9704, 9713, 9723, 9757,

9764, 9840, 9869, 9870, 9886, 9902, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560,

18694, Don-0,
C79T 5784, 6445,
T117C 7063, 7081, 9545, 9555, 9508, 9513, 9596, 9600, 9832, 9837, 9871, 9887, Ped-0,

428, 6016, 6189, 6194, 6202, 6244, 6424, 6911, 7031, 7322, 7333, 7394, 8238, 8284, 9057,
9381, 9382, 9413,
9520, 9525, 9540, 9543, 9567, 9583, 9598, 9670, 9677, 9676, 9678, 9686, 9713, 9723, 9757,
9764, 9840, 9844,
9856, 9869, 9870, 9886, 9892, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694,
Don-0, ICE226, ICE228, ICE7,

Al118C

6016, 6076, 6101, 6126, 6189, 6194, 6202, 6244, 6424, 6911, 7031, 7063, 7081, 7322, 7333,
7394, 8238, 8284, 8306, 9057, 9133, 9134, 9381, 9382, 9408, 9413, 9508, 9513, 9520, 9525,
9533, 9540, 9542, 9543, 9545, 9550, 9554, 9555, 9567, 9583, 9596, 9598, 9600, 9606, 9670,
9676, 9677, 9678, 9686, 9703, 9713, 9723, 9757, 9764,

9832, 9837, 9840, 9844, 9856,9869, 9870, 9871, 9879, 9886, 9887, 9905, 9930, 9939, 9978,
9987, 10004, 14312,

14313, 14314, 14315, 15560, 18694, Don-0, ICE1, ICE226, ICE228, ICE49, ICE50, ICE7,

Kastel-1, Ped-0, Pra-6, Vash-1,

A150C

6016, 6189, 6194, 6202, 6244, 6911, 7031, 7322, 7333, 7394, 8238, 8284, 9057, 9381, 9382,

9413, 9520, 9525, 9540, 9543, 9567, 9583, 9598, 9670, 9676, 9677, 9678, 9686, 9713, 9723,

A166G 9757, 9764, 9832, 9837, 9840, 9844,

9856, 9857, 9869, 9870, 9886, 9902, 9930, 9939, 9978, 9987, 14312, 14313, 14314, 14315,
15560, 18694, Don-0, ICE226, ICE228, ICE?7,
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6016, 6189, 6194, 6202, 6244, 6911, 7031, 7322, 7333, 7394, 8238, 8284, 9057, 9381, 9382,

9413, 9520, 9525, 9540, 9543, 9567, 9583, 9598, 9670, 9676, 9677, 9678, 9686, 9713, 9723,

G168A 9757, 9764, 9832, 9837, 9840, 9844,

9856, 9857, 9869, 9870, 9886, 9902, 9930, 9939, 9978, 9987, 14312, 14313, 14314, 14315,
15560, 18694, Don-0, ICE226, ICE228, ICE?7,

Al169G 7419, 7415, 7378, 7181, 9694, 9695, 9696, 9974, 9975, ICE212, ICE213,

424,428, 5784, 5984, 6016, 6244, 6911, 7031, 7333, 7394, 8238, 8284, 9057, 9381, 9382, 9413,

9520, 9525, 9533,

T221C | 9540, 9543, 9567, 9583, 9598, 9676, 9677, 9678, 9686, 9713, 9723, 9757, 9840, 9857, 9869,

9886, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226,
ICE228, ICE7,

424, 5984, 6016, 6189, 6194, 6202, 6244, 6911, 7031, 7333, 7394, 8238, 8284, 9057, 9381,
9382, 9413, 9520,
C234T | 9525, 9533, 9540, 9543, 9567, 9583, 9598, 9676, 9677, 9678, 9686, 9713, 9723, 9757, 9840,
9857, 9869, 9886, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-0,
ICE226, ICE228, ICE7,

G255T Lag-2

G283C* Ped-0

424, 428,5784,5984, 6016, 6189, 6244, 6396, 6424, 7031, 7322, 7333, 7394, 8238, 8284, 9057,

9381, 9382, 9413,

G297A | 9520, 9525, 9533, 9540, 9543, 9567, 9583, 9598, 9676, 9677, 9678, 9686, 9713, 9723, 9757,

9840, 9857, 9869, 9886, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-
0, ICE226, ICE228, ICE7,

424,428,5784,5984, 6016, 6189, 6244, 6396, 6424, 7031, 7322, 7333, 7394, 8238, 8284, 9057,

9381, 9382, 9413,

G315T | 9520, 9525, 9533, 9540, 9543, 9567, 9583, 9598, 9676, 9677, 9678, 9686, 9713, 9723, 9757,

9840, 9857, 9869, 9886, 9930, 9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-
0, ICE226, ICE228, ICE7,

C378T Don-0, ICE226, ICE228,
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88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 763
765, 766, 768, 772, 801, 853, 854, 867, 868, 870, 915, 932, 991, 992, 997, 1002, 1006, 1061, 1062, 1063, 1066, 1070, 1158, 1166
1254, 1317, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819, 1820, 1829, 1834, 1835, 1851,
1852, 1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171,
2191, 2202, 2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4779, 4807, 4826, 4840, 4857, 4884, 4900, 4939, 4958, 5023, 5104
5151, 5165, 5210, 5236, 5249, 5253, 5279, 5349, 5353, 5395, 5486, 5577, 5644, 5651, 5717, 5718, 5720, 5741, 5748, 5757, 5768,
5772, 5776, 5779, 5798, 5800, 5811, 5822, 5830, 5831, 5832, 5836, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907, 5921,
5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6016, 6017, 6019, 6020, 6021, 6022, 6023, 6024, 6025, 6030, 6034, 6035,
6039, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073, 6074, 6076, 6077, 6085, 6086, 6087, 6088, 6090, 6091, 6092
6094, 6095, 6097, 6098, 6099, 6100, 6101, 6102, 6104, 6105, 6106,, 6108, 6109, 6111, 6115, 6118, 6119, 6122, 6123, 6124, 6125
6126, 6128, 6131, 6133, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6151, 6154, 6163, 6166, 6169, 6172, 6173
6174, 6177, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6195, 6198, 6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220,
6221, 6231, 6235, 6237, 6238, 6240, 6241, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396, 6424, 6434, 6445,
6680, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6830, 6897, 6898, 6900, 6901, 6903, 6904, 6907, 6908, 6909, 6911, 6913
6915, 6917, 6918, 6919, 6920, 6922, 6923, 6924, 6926, 6927, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6945, 6951, 6956, 6958
6959, 6960, 6963, 6967, 6968, 6969, 6973, 6974, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6990, 6992, 6997, 7002, 7003,
7008, 7013, 7014, 7025, 7026, 7028, 7031, 7033, 7036, 7058, 7061, 7063, 7067, 7068, 7071, 7072, 7077, 7081, 7096, 7102, 7103,
7106, 7107, 7109, 7111, 7117, 7119, 7120, 7126, 7127, 7130, 7133, 7138, 7143, 7147, 7158, 7160, 7161, 7162, 7163, 7164, 7165,
7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7209, 7213, 7217, 7223, 7231, 7236, 7244, 7248, 7250, 7258, 7268
7273, 7276, 7280, 7288, 7296, 7298, 7305, 7306, 7314, 7316, 7319, 7320, 7322, 7323, 7327, 7332, 7333, 7337, 7342, 7343, 7344
7346, 7347, 7349, 7350, 7353, 7354, 7356, 7358, 7359, 7372, 7373, 7377, 7378, 7382, 7383, 7384, 7387, 7394, 7396, 7404, 7413
7415, 7417, 7418, 7419, 7424, 7430, 7460, 7461, 7471, 7475, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7525, 7529, 7530, 7566,
7568, 7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8171, 8214, 8222, 8227, 8230, 8231, 8233, 8234, 8235, 8236, 8238
8239, 8240, 8241, 8242, 8243, 8244, 8246, 8247, 8249, 8256, 8258, 8259, 8264, 8283, 8284, 8285, 8290, 8297, 8306, 8307, 8311
8312, 8326, 8334, 8335, 8337, 8343, 8351, 8354, 8357, 8365, 8366, 8369, 8376, 8386, 8387, 8419, 8422, 8424, 8426, 8427, 8464
8483, 8699, 8723, 9027, 9057, 9058, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9103, 9121
9125, 9128, 9130, 9131, 9133, 9134, 9298, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9380
9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9399, 9402, 9404, 9405, 9407, 9408, 9409, 9412, 9413, 9421, 9427
9433, 9436, 9437, 9442, 9450, 9451, 9452, 9453, 9454, 9455, 9471, 9476, 9481, 9503, 9506, 9507, 9508, 9509, 9510, 9511, 9512
9513, 9514, 9515, 9517, 9518, 9519, 9520, 9522, 9523, 9524, 9525, 9526, 9527, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537
9539, 9540, 9541, 9542, 9543, 9544, 9545, 9549, 9550, 9551, 9552, 9553, 9554, 9555, 9556, 9557, 9558, 9559, 9560, 9561, 9565
A396G 9567, 9569, 9571, 9576, 9578, 9579, 9583, 9584, 9585, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595, 9596, 9597
9598, 9599, 9600, 9601, 9602, 9606, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624
9625, 9626, 9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645
9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663
9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687
9689, 9690, 9691, 9692, 9693
9694, 9695, 9696, 9697, 9698, 9699, 9700, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709, 9710, 9711, 9712, 9713, 9714, 9716, 9717
9718, 9719, 9720, 9721, 9722
9723, 9725, 9726, 9727, 9728, 9729, 9730, 9731, 9732, 9733, 9735, 9736, 9737, 9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749
9754, 9755, 9756, 9757, 9758
9759, 9761, 9762, 9764, 9766, 9768, 9769, 9770, 9771, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9783, 9784, 9785, 9786
9787, 9788, 9789, 9790, 9791,
9792, 9793, 9794, 9795, 9796, 9797, 9798, 9799, 9800, 9801, 9802, 9803, 9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812, 9813,
9814, 9815, 9816, 9817, 9819
9820, 9821, 9822, 9823, 9824, 9825, 9827, 9828, 9830, 9831, 9832, 9833, 9834, 9835, 9837, 9838, 9839, 9840, 9841, 9843, 9844, 9845
9846, 9847, 9848, 9849, 9850,
9851, 9852, 9853, 9854, 9856, 9857, 9858, 9859, 9860, 9861, 9862, 9866, 9867, 9868, 9869, 9870, 9871, 9873, 9874, 9875, 9876, 9877
9878, 9879, 9880, 9881, 9882
9883, 9885, 9886, 9887, 9890, 9891, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901, 9902, 9903, 9904, 9905, 9906, 9908, 9910, 9911
9912, 9914, 9915, 9918, 9920,
9921, 9924, 9925, 9926, 9927, 9928, 9929, 9930, 9932, 9933, 9935, 9937, 9939, 9951, 9952, 9953, 9955, 9956, 9957, 9958, 9959, 9960
9962, 9963, 9964, 9965, 9966,
9968, 9969, 9970, 9971, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987, 10004, 10005,
10008, 10009, 10010, 10015
10017, 10018, 10020, 10022, 10023, 10027, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15593, 18694, 18696
19949, 19950, 19951, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Don-0, Ey15-2, Fei-0, HKT2, ICE1, ICE102, ICE104, ICE106, ICE107
ICE111, ICE112, ICE119, ICE120, ICE127, ICE130, ICE134,
ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173, ICE181, ICE21, ICE212, ICE213, ICE216, ICE226, ICE228, ICE29,
ICE33, ICE36, ICE49, ICE50,
ICE60, ICE61, ICE63, ICE7, ICE70, ICE71, ICE72, ICE73, ICET75, ICE79, ICE91, ICE92, ICE93, ICE97, ICE98, Istisu-1, Kastel-1,
Koch-1, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9,
TueV13, TueWal-2, Vash-1, Vie-0, WalhaesB4, Xan-1, Yeg-1,

428, 6016, 6244, 6424, 7322, 7333, 7394, 8238, 8284, 9057, 9381, 9382, 9413, 9520, 9525,
9533, 9540, 9543,
9567, 9583, 9598, 9676, 9677, 9678, 9686, 9713, 9723, 9757, 9840, 9857, 9869, 9886, 9930,
9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226, ICE228,

A414T

A528T Don-0, ICE226, ICE228,

428, 5784, 6016, 6244, 6424, 7063, 7081, 7333, 7394, 8284, 9381, 9382, 9383, 9413, 9508,
9513, 9533, 9543,
ABO9T | 9545, 9554, 9555, 9583, 9596, 9598, 9686, 9713, 9722, 9723, 9757, 9764, 9832, 9837, 9869,
9887, 9892, 9930, 9978, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226,
ICE228, Ped-0,
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T612G 6904, 7396, 9781
428, 5784, 6016, 6244, 6424, 7063, 7081, 7333, 7394, 8284, 9381, 9382, 9383, 9413, 9508
9513, 9533, 9543
A621G | 9545, 9554, 9555, 9583, 9596, 9598, 9686, 9713, 9722, 9723, 9757, 9764, 9832, 9837, 9869,
9887, 9892, 9930, 9978, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226
ICE228, Ped-0
428, 5784, 6016, 6244, 6424, 7063, 7081, 7333, 7394, 8284, 9381, 9382, 9383, 9413, 9508
9513, 9533, 9543
T678C | 9545, 9554, 9555, 9583, 9596, 9598, 9686, 9713, 9722, 9723, 9757, 9764, 9832, 9837, 9869
9887, 9892, 9930, 9978, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226
ICE228, Ped-0
A685G ICE49, ICE50,
C697A Ped-0,
C756T Don-0,
G828T Ped-0,
G894T Ped-0,

G933A

7383, 7333, 7217, 7081, 7063, 7008, 6997, 6982, 6958, 6897, 6680, 6244, 6124, 5165, 2171,
1254, 1070, 428, 350,
265, 8214, 8264, 8297, 8337, 9381, 9382, 9383, 9390, 9091, 9092, 9402, 9453, 9508, 9510,
9513, 9529, 9531,

9533, 9539, 9542, 9543, 9545, 9554, 9555, 9583, 9587, 9593, 9596, 9598, 9663, 9686, 9723,
9757, 9764, 9775, 9799, 9809, 9821, 9830, 9832, 9833, 9834, 9837, 9841, 9845, 9850, 9856,
9859, 9862, 9866, 9869, 9871, 9874,

9876, 9878, 9887, 9892, 9903, 9905, 9908, 9911, 9928, 9929, 9935, 14312, 14313, 14314,
14315, 15560, 18694, Ped-0, Pra-6, TueV13,
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APENDICE D - SNPs DA AOX1b DE de A. thaliana

SNPs ENCONTRADOS NO GENE AOX1b DE de 1190 ECOTIPOS DE A. thaliana,
EM QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS
PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “IDCODE” DOS

ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO
SINONIMOS INDICADOS POR UM ASTERISCO (*)

SNPs Ec6tipos com o SNP especificado no gene da At AOX1b
G17A* 9075, 9079, 9084, 9085, 9091,

A20G Ped-0

C31T 2016

88, 108, 139, 159, 265, 350, 351, 403, 410, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 801, 853, 854, 867, 868, 870,

932, 991, 992, 997, 1002, 1006,

1061, 1062, 1066, 1070, 1166, 1254, 1257, 1317, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819, 1820, 1829, 1834,

1835, 1851, 1852, 1853, 1872,

1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240, 2285, 2286,

2317, 2370, 2412, 4779, 4807,

4826, 4840, 4857, 4884, 4900, 4939, 4958, 5023, 5151, 5165, 5210, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5577, 5644, 5651, 5717, 5718, 5720,

5741, 5748, 5757, 5768, 5772,

5776, 5779, 5784, 5798, 5811, 5822, 5831, 5832, 5836, 5837, 5856, 5867, 5874, 5890, 5907, 5921, 5993, 6008, 6011, 6012, 6016, 6017, 6020, 6023, 6024,

6025, 6034, 6035, 6036, 6039,

6040, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073, 6074, 6077, 6086, 6087, 6088, 6090, 6091, 6092, 6097, 6098, 6099, 6102, 6104, 6106, 6115, 6118,

6119, 6122, 6124, 6125, 6126,

6131, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6151, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174, 6177, 6188, 6189, 6191, 6192,

6193, 6195, 6198, 6201, 6214,

6216, 6217, 6218, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6424, 6445, 6739, 6740, 6744, 6749,

6750, 6805, 6806, 6814, 6897,

6898, 6900, 6901, 6904, 6907, 6908, 6911, 6915, 6917, 6918, 6919, 6920, 6923, 6924, 6926, 6927, 6933, 6938, 6940, 6943, 6945, 6951, 6956, 6958, 6959,

6960, 6967, 6968, 6969, 6973,

6976, 6981, 6982, 6984, 6986, 6987, 6990, 6997, 7002, 7003, 7008, 7025, 7026, 7028, 7031, 7033, 7058, 7061, 7063, 7067, 7068, 7071, 7072, 7077, 7103,

7106, 7107, 7109, 7111, 7117,

7119, 7120, 7126, 7130, 7133, 7138, 7143, 7147, 7158, 7160, 7161, 7162, 7163, 7164, 7165, 7177, 7181, 7192, 7203, 7217, 7231, 7236, 7244, 7248, 7250,

7258, 7280, 7288, 7296, 7298,

7305, 7306, 7307, 7314, 7316, 7319, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7342, 7344, 7347, 7353, 7354, 7356, 7358, 7359, 7372, 7373, 7377, 7378,

7382, 7383, 7384, 7387, 7394,

7396, 7404, 7416, 7417, 7418, 7419, 7430, 7460, 7461, 7471, 7475, 7477, 7514, 7515, 7516, 7517, 7523, 7525, 7529, 7530, 7568, 7717, 7757, 7767, 7917,

7947, 8037, 8057, 8077, 8132,

G56A* 8171, 8214, 8231, 8233, 8234, 8235, 8238, 8239, 8240, 8242, 8243, 8244, 8246, 8247, 8249, 8256, 8258, 8259, 8264, 8283, 8284, 8285, 8290, 8307, 8311,
8312, 8326, 8334, 8335, 8337,

8351, 8357, 8366, 8369, 8387, 8426, 8427, 8464, 8483, 8699, 8723, 9027, 9057, 9058, 9069, 9070, 9078, 9081, 9089, 9095, 9103, 9121, 9131, 9133, 9134,

9298, 9314, 9321, 9323, 9332,

9336, 9339, 9343, 9363, 9369, 9370, 9371, 9380, 9381, 9382, 9383, 9388, 9390, 9391, 9392, 9394, 9399, 9402, 9404, 9405, 9407, 9409, 9413, 9427, 9433,

9437, 9442, 9451, 9452, 9453,

9454, 9455, 9471, 9476, 9481, 9503, 9506, 9507, 9508, 9509, 9510, 9511, 9512, 9513, 9514, 9515, 9518, 9519, 9522, 9523, 9524, 9526, 9527, 9529, 9530,

9531, 9532, 9533, 9534, 9535,

9537, 9539, 9541, 9542, 9543, 9544, 9545, 9549, 9550, 9551, 9552, 9553, 9555, 9556, 9557, 9558, 9560, 9561, 9565, 9569, 9571, 9576, 9578, 9583, 9584,

9585, 9586, 9587, 9588, 9589,

9590, 9591, 9592, 9593, 9594, 9595, 9596, 9597, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9609, 9611, 9612, 9616, 9617, 9619, 9620, 9621, 9622, 9624,

9631, 9632, 9634, 9637, 9638,

9639, 9640, 9641, 9642, 9643, 9645, 9646, 9649, 9653, 9655, 9656, 9658, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673,

9676, 9677, 9678, 9679, 9680,

9681, 9682, 9683, 9684, 9685, 9687, 9689, 9690, 9692, 9693, 9694, 9695, 9696, 9697, 9700, 9701, 9703, 9707, 9708, 9712, 9713, 9714, 9716, 9717, 9718,

9719, 9720, 9723, 9726, 9727,

9728, 9729, 9730, 9731, 9733, 9735, 9738, 9739, 9741, 9743, 9744, 9749, 9754, 9755, 9756, 9757, 9759, 9761, 9764, 9769, 9770, 9771, 9774, 9775, 9776,

9777, 9778, 9779, 9780, 9781,

9783, 9787, 9788, 9789, 9791, 9793, 9794, 9796, 9797, 9799, 9800, 9801, 9804, 9806, 9807, 9809, 9810, 9811, 9813, 9817, 9819, 9820, 9821, 9822, 9823,

9824, 9825, 9827, 9828, 9830,

9831, 9832, 9833, 9834, 9837, 9838, 9839, 9841, 9843, 9845, 9846, 9847, 9848, 9849, 9850, 9851, 9852, 9853, 9854, 9859, 9860, 9861, 9862, 9866, 9867,

9868, 9869, 9871, 9873, 9874,

9875, 9876, 9877, 9878, 9879, 9880, 9881, 9882, 9883, 9885, 9887, 9890, 9891, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901, 9902, 9903, 9904, 9905,

9906, 9908, 9910, 9911, 9918, 9920, 9921, 9924, 9925, 9926, 9927, 9928, 9930, 9932, 9935, 9937, 9960, 9962, 9964, 9966, 9973, 9974, 9975, 9978, 9979,

9982, 9983, 9985, 9986, 10005, 10018, 10020, 10022, 10027, 14312, 14313, 14314, 14315, 14319, 15560, 15591, 15592, 15593, 18694, 19949, 19950,

19951, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Ey15-2, Fei-0, ICE102, ICE106, ICE111, ICE138, ICE181, ICE212, ICE213, ICE226, ICE228, ICE29, ICE33,

ICE36, ICE49, ICE50, ICE63, ICE70, ICE72, ICET73, ICET75, ICE79, ICE93, ICE97, Istisu-1, Kastel-1, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0,

Pra-6, Qui-0, Rue3-1-31, Star-8, TueSB30-3, Tuescha9, TueV13, TueWal-2, Vash-1, Vie-0, WalhaesB4, Yeg-1,
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5831, 6034, 6039, 6099, 6189, 6192, 6424, 7322, 7333, 7394, 8242, 8284, 8307, 8426, 8427,
CriT* 9057, 9670, 9676,
9677, 9678, 9930, 9978, ICE226, ICE228,

AB8G* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9857, 9870, 9886,

A93T* 9840

430, 992, 1002, 1061, 1066, 5837, 6073, 6097, 6102, 6106, 6115, 6126, 6195, 6951, 7106,
C107T 7147, 7165, 7288,
7316, 7323, 8231, 8235, 9058, 9343, 9404, 9405, 9407, 9409, 9437, 9733, 14319,

88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 801, 853, 854, 867,
868, 870, 932, 991, 992, 997, 1002,

1006, 1061, 1062, 1066, 1070, 1166, 1254, 1257, 1317, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819, 1820, 1829,
1834, 1835, 1851, 1852, 1853,

1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240, 2285,
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T186C 7063, 9508, 9513, 9831, 9837,
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G192C* 10017, ICE21,
G193A* 7566
G202A* 1942, 1943,
G216A 6963
T224C* 7063, 9508, 9513, 9545, 9555, 9596, 9600, 9832, 9837, 9871,
G237A 428
G299A* 7081, 9554, Don-0,
A321G 9513
T326A* 7353
265, 410, 424, 628, 915, 1063, 1317, 5104, 5486, 5772, 5800, 5822, 5830, 5865, 5874, 5890,
5893, 5950, 5984, 5993, 6008, 6009, 6010, 6013, 6030, 6041, 6071, 6076, 6085, 6088, 6094,
6095, 6100, 6101, 6105, 6109, 6111, 6123, 6128, 6133, 6138, 6169, 6172, 6173, 6174, 6209,
6210, 6220, 6235, 6243, 6296, 6390, 6396, 6434, 6830, 6903, 6913, 6920, 6922, 6931, 6932,
6945, 6957, 6968, 6969, 6975, 6979, 6987, 7013, 7014, 7026, 7081, 7096, 7102, 7103, 7111,
7127,7138, 7169, 7177, 7186, 7199, 7202, 7203, 7207, 7209, 7213, 7258, 7268, 7273, 7276,
7280, 7337, 7342, 7343, 7344, 7346, 7349, 7350, 7362, 7413, 7424, 7430, 7460, 7461, 7477,
7520, 7521, 7566, 8236, 8256, 8258, 8259, 8285, 8306, 8312, 8343, 8365, 8386, 8419, 8422,
c362T* | 9075,9079, 9084, 9085, 9091, 9133, 9134, 9321, 9323, 9351, 9353, 9363, 9408, 9412, 9451,
9452, 9535, 9552, 9554, 9584, 9613, 9622, 9644, 9645, 9646, 9664, 9665, 9666, 9667, 9668,
9671, 9673, 9686, 9701, 9704, 9705, 9721, 9722, 9727, 9729, 9731, 9732, 9735, 9739, 9741,
9747,9748, 9768, 9769, 9771, 9774,9777, 9778, 9781, 9782, 9784, 9785, 9786, 9787, 9789,
9790, 9792, 9794, 9795, 9796, 9798, 9801, 9802, 9803, 9804, 9805, 9806, 9808, 9811, 9812,
9813, 9816, 9827,
9898, 9899, 9918, 9956, 9987, 10017, 10018, 10023, 15591, 15592, 15593, 19949, 19950,
19951, Del-10, Don-0, Ey15-2, HKT2, ICE181, ICE21, ICE36, ICE61, ICE7, ICE73, Niel-2,
Rue3-1-31, Vash-1,
C367G* 9939
C368T* 6016, 6244, 9381, 9382, 9383, 9413,
C376T 6064
G404C* 9069, 9121, Bak-2, Bak-7, Dog-4, ICE29, Nemrut-1,
1006, 1062, 5832, 5836, 5867, 6023, 6024, 6035, 6040, 6042, 6074, 6077, 6090, 6091,
G408A 6104, 6118, 6122, 6125, 6131, 6136, 6137, 6140, 6142, 6145, 6148, 6149, 6150, 7354,
8249, 8335, 8369, 9370, 9553,
C418G* 1158, 6680, 7036, 8230, 8297, 9709, 9725, 9929,
763, 765, 766, 768, 772, 5860, 6184, 6929, 6963, 7183, 8227, 8354, 8376, 8424, 9125,
9128, 9130, 9386, 9608, 9610, 9615, 9625, 9626, 9627, 9628, 9629, 9630, 9633, 9635,
G435A 9636, 9691, 9711, 9736, 9737, 9745, 9758, 9766,

9951,9952, 9953, 9955, 9958, 10009, 10010, 10015, 14318, 18696, ICE127, ICE130,
ICE134, ICE150, ICE152, ICE153, ICE163, ICE6O, ICE71, Koch-1, Sha,
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GA443A* 772
C515T* 9613, 9721,
C523T* 424, 5984, 6396,
5210, 7025, 8243, 8311, 9078, 9518, 9558, 9653, 9660, 9697, 9707, 9717, 9749, 9770,
A563G* | 9776, 9779, 9788, 9791,
9793, 9797, 9800, 9807, 9810, 9851, 9877, 9979, ICE79,
G594T* 9121, Bak-7,
C627G | 9698, ICE127, ICE130, ICE134, ICE150, ICE152, ICE153, ICE163, ICE60, ICE71, Sha,
763, 765, 766, 768, 772, 6929, 6963, 7183, 8424, 9125, 9610, 9615, 9625, 9626, 9627,
C627T 9628, 9629, 9630, 9635, 9711, 9737, 9745, 9766, 9951, 9952, 9953, 9955, 9958, 10008,
10009, 10010, 10015, 18696,
T639C 9075, 9079, 9084, 9085, 9091,
T645G 6194, 6202, 9520, 9525, 9540, 9840, 9844, 9856, 9870, 9886,
C648G* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9870, 9886,
C652G* 14312, 14313, 14314, 14315, 15560, 18694,
AB58G* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9870, 9886,
C663T 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9870, 9886,
G682C* 9697
C688T 9508
T693C 9540, 9840, 9844, 9870, 9886,
C697A* 7296
C786A* 9404
C815T 6424, 8284, 9930,
A831G* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9856, 9857, 9870, 9886,
GB846A* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9856, 9857, 9870, 9886,
G854A 7236
C864T* 8283, 9708, 9714, iCE33,
GB88BA* 7333, 9686,
88, 108, 139, 932, 997, 1853, 1954, 4779, 4807, 4826, 4958, 5151, 5349, 5768, 5779, 5811,
6098, 6908, 6922,
6926, 6960, 6967, 6976, 7002, 7071, 7130, 7143, 7161, 7306, 7332, 7372, 7418, 9314,
C894T* | 9523, 9561, 9571, 9590,

9592, 9599, 9601, 9689, 9690, 9692, 9693, 9754, 9783, 982, 9838, 9847, 9849, 9853, 9854,
9860, 9875, 9883, 9894, 9912, 9921, 9925, 9926, 9927, 10020, Leo-1, Qui-0, Tuescha9,
TueWal-2,
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T897C 9075, 9079, 9081, 9084, 9085, 9091,
C931A* 9539
915, 1063, 5104, 5486, 5800, 5830, 5865, 5893, 5950, 6009, 6010, 6013, 6041, 6085, 6094,
6095, 6100, 6105,
6109, 6111, 6123, 6133, 6209, 6210, 6243, 6434, 6903, 6913, 6922, 6932, 6957, 6975,
T960C* 6979, 7013, 7014, 7096, 7102, 7127, 7169, 7186, 7199, 7202, 7207, 7337, 7349, 7350,

7413, 7424, 7461, 7520, 7566, 8236, 8343, 8365, 8386, 8419, 8422, 9352, 9353, 9412,
9646, 9768, 9782, 9784, 9785, 9786, 9790, 9792, 9795, 9798, 9802, 9803, 9805, 9808,
9812, 9815, 9816, 10023, 14319, HKT2,

AQ71T

9713
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APENDICE E — SNPs DA AOX1c DE de A. thaliana

SNPs ENCONTRADOS NO GENE AOX1c DE de 1190 ECOTIPOS DE A. thaliana,
EM QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS
PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “IDCODE” DOS

ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO
SINONIMOS INDICADOS POR UM ASTERISCO (*)

SNPs Eco6tipos com o SNP especificado no gene da At AOX1c

T9C 5104, 5486, 6932, 7096, 7213, 9732,

1254, 1890, 5104, 5837, 5860, 6025, 6039, 6043, 6046, 6064, 6069, 6073, 6097, 6115, 6126,
6134, 6141, 6153, 6154, 6163, 6166, 6238, 6242, 6903, 6915, 6920, 6932, 6951, 6968, 6969,
6975, 6981, 7072, 7096, 7126, 7127, 7138, 7158, 7162, 7199, 7202, 7236, 7280, 7314, 7343,
7347, 7349, 7350, 7378, 7413, 7424, 7520, 8230, 8237, 8240, 8241, 8242, 8264, 8306, 8354,
8376, 9103, 9121, 9352, 9353, 9370, 9412, 9413, 9433, 9450, 9454, 9470, 9582, 9607, 9608,
9609, 9610, 9612, 9616, 9617, 9622, 9625, 9626, 9630, 9631, 9638, 9642, 9665, 9666, 9667,
T60G* 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9698, 9701, 9705, 9714, 9718, 9722, 9723, 9728, 9730, 9731, 9732, 9735, 9736,
9754, 9758, 9787, 9788, 9794, 9800,
9806, 9809, 9811, 9812, 9813, 9814, 9850, 9870, 9886, 9930, 9933, 10020, 14318, 15591,
15592, 15593, 18594,
19949, 19950, 19951, Bak-2, Bak-7, ICE130, ICE138, ICE181, ICE212, ICE213, ICE226,
ICE228, ICE60, ICE61, ICE73, ICE98, Koch-1, TueV13, Vash-1, Vie-0,

88, 159, 351, 403, 424, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 315, 932, 991, 992, 997, 1002, 1006, 1066, 1257, 1313, 1317, 1552, 1829, 1853,
1954, 2016, 2202, 2276, 2278, 2317,
4779, 4807, 4826, 4857, 4900, 4939, 4958, 5023, 5151, 5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5651, 5717, 5718, 5720, 5726,
5748, 5757, 5772, 5776, 5779,
5798, 5800, 5811, 5831, 5856, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022,
6023, 6030, 6041, 6042, 6070,
6071, 6074, 6076, 6085, 6087, 6088, 6090, 6092, 6095, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6119, 6123, 6124,
6131, 6132, 6133, 6151, 6169,
6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6235, 6237, 6240,
6241, 6243, 6244, 6252, 6255,
6258, 6268, 6276, 6284, 6296, 6390, 6445, 6680, 6744, 6897, 6898, 6904, 6907, 6909, 6911, 6913, 6917, 6918, 6919, 6922, 6923, 6926, 6929, 6931, 6933,
6938, 6940, 6943, 6944, 6957,
6958, 6960, 6961, 6963, 6966, 6967, 6968, 6970, 6971, 6973, 6974, 6976, 6979, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7014, 7025,
7031, 7062, 7063, 7064, 7067,
7068, 7071, 7081, 7092, 7094, 7102, 7103, 7106, 7107, 7109, 7119, 7120, 7125, 7130, 7133, 7143, 7161, 7163, 7164, 7177, 7181, 7183, 7186, 7192, 7203,
7207, 7208, 7209, 7213, 7217,
7223, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7282, 7288, 7296, 7298, 7306, 7316, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7344, 7353, 7372,
7373, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7415, 7417, 7418, 7419, 7427, 7430, 7460, 7461, 7471, 7477, 7514, 7516, 7517, 7525, 7529, 7530, 7717, 7947, 8214, 8222, 8227,
8234, 8235, 8236, 8238, 8243,
AB2T* 8247, 8249, 8290, 8297, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8357, 8365, 8366, 8369, 8420, 8422, 8424, 9027, 9057, 9067, 9069, 9070, 9075,
9078, 9079, 9081, 9084, 9085,
9089, 9091, 9095, 9099, 9100, 9102, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332,
9336, 9339, 9343, 9363, 9369,
9371, 9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9402, 9404, 9405, 9407, 9408, 9421, 9427, 9436, 9437, 9442, 9451, 9452, 9476, 9506,
9507, 9508, 9509, 9510, 9514,
9515, 9517, 9519, 9522, 9523, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544, 9545, 9548, 9549, 9550,
9551, 9552, 9553, 9554, 9555,
9556, 9558, 9559, 9560, 9561, 9569, 9571, 9573, 9574, 9576, 9578, 9579, 9581, 9583, 9584, 9585, 9590, 9595, 9596, 9598, 9599, 9602, 9606, 9611, 9613,
9615, 9619, 9620, 9621, 9624,
9627, 9628, 9632, 9633, 9634, 9635, 9636, 9637, 9639, 9640, 9641, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659,
9660, 9661, 9663, 9679, 9680,
9681, 9682, 9683, 9684, 9685, 9686, 9687, 9697, 9699, 9700, 9703, 9704, 9706, 9707, 9708, 9710, 9711, 9712, 9713, 9716, 9717, 9719, 9720, 9721, 9725,
9726, 9727, 9729, 9733, 9737,
9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9755, 9756, 9757, 9759, 9761, 9762, 9764, 9766, 9768, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778,
9779, 9780, 9781, 9782, 9784,
9785, 9786, 9789, 9790, 9791, 9792, 9793, 9795, 9796, 9797, 9798, 9799, 9801, 9802, 9803, 9804, 9805, 9807, 9808, 9810, 9811, 9812, 9815, 9816, 9817,
9819, 9820, 9821, 9822, 9823,
9824, 9826, 9827, 9828, 9831, 9832, 9833, 9835, 9837, 9838, 9839, 9843, 9845, 9847, 9848, 9849, 9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9859,
9861, 9862, 9867, 9869, 9871,
9873, 9875, 9877, 9878, 9879, 9881, 9882, 9885, 9887, 9890, 9892, 9895, 9897, 9898, 9900, 9902, 9905, 9908, 9909, 9910, 9911, 9912, 9914, 9915, 9917,
9918, 9924, 9928, 9929, 9932,
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9935, 9937, 9939, 9951, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9976, 9979, 9980, 9981, 9982, 9983, 9984,
9985, 9986, 9987, 10004, 10005,
10008, 10009, 10010, 10015, 10017, 10018, 10022, 10027, 14312, 14313, 14314, 14315, 14319, 18696, Cdm-0, Del-10, Don-0, Ey15-2, Fei-0, HKT2,
ICE102, ICE104, ICE106, ICE107,
ICE111, ICE112, ICE119, ICE120, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173, ICE21, ICE216, ICE29, ICE33, ICE46, ICE49, ICE50, ICEG3, ICE7,
ICE70, ICE72, ICET75, ICE79, ICE91, ICE92, ICE93, ICE97, Istisu-1, Lag-2, Lerik1-3, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3,
TueWal-2, WalhaesB4, Xan-1, Yeg-1,

88, 1509, 351, 403, 424, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 315, 932, 991, 992, 997, 1002, 1006, 1066, 1257, 1313, 1317, 1552, 1829, 1853,
1954, 2016, 2202, 2276, 2278, 2317,
4779, 4807, 4826, 4857, 4900, 4939, 4958, 5023, 5151, 5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5651, 5717, 5718, 5720, 5726,
5748, 5757, 5772, 5776, 5779,
5798, 5800, 5811, 5831, 5856, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022,
6023, 6030, 6041, 6042, 6070,
6071, 6074, 6076, 6085, 6087, 6088, 6090, 6092, 6095, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6119, 6123, 6124,
6131, 6132, 6133, 6151, 6169,
6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6235, 6237, 6240,
6241, 6243, 6244, 6252, 6255,
6258, 6268, 6276, 6284, 6296, 6390, 6445, 6680, 6744, 6897, 6898, 6904, 6907, 6909, 6911, 6913, 6917, 6918, 6919, 6922, 6923, 6926, 6929, 6931, 6933,
6938, 6940, 6943, 6944, 6957,
6958, 6960, 6961, 6963, 6966, 6967, 6968, 6970, 6971, 6973, 6974, 6976, 6979, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7014, 7025,
7031, 7062, 7063, 7064, 7067,
7068, 7071, 7081, 7092, 7094, 7102, 7103, 7106, 7107, 7109, 7119, 7120, 7125, 7130, 7133, 7143, 7161, 7163, 7164, 7177, 7181, 7183, 7186, 7192, 7203,
7207, 7208, 7209, 7213, 7217,
7223, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7282, 7288, 7296, 7298, 7306, 7316, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7344, 7353, 7372,
7373, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7415, 7417, 7418, 7419, 7427, 7430, 7460, 7461, 7471, 7477, 7514, 7516, 7517, 7525, 7529, 7530, 7717, 7947, 8214, 8222, 8227,
8234, 8235, 8236, 8238, 8243,
8247, 8249, 8290, 8297, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8357, 8365, 8366, 8369, 8420, 8422, 8424, 9027, 9057, 9067, 9069, 9070, 9075,
9078, 9079, 9081, 9084, 9085,
9089, 9091, 9095, 9099, 9100, 9102, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332,
T83A* 9336, 9339, 9343, 9363, 9369,
9371, 9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9402, 9404, 9405, 9407, 9408, 9421, 9427, 9436, 9437, 9442, 9451, 9452, 9476, 9506,
9507, 9508, 9509, 9510, 9514,
9515, 9517, 9519, 9522, 9523, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544, 9545, 9548, 9549, 9550,
9551, 9552, 9553, 9554, 9555,
9556, 9558, 9559, 9560, 9561, 9569, 9571, 9573, 9574, 9576, 9578, 9579, 9581, 9583, 9584, 9585, 9590, 9595, 9596, 9598, 9599, 9602, 9606, 9611, 9613,
9615, 9619, 9620, 9621, 9624,
9627, 9628, 9632, 9633, 9634, 9635, 9636, 9637, 9639, 9640, 9641, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659,
9660, 9661, 9663, 9679, 9680,
9681, 9682, 9683, 9684, 9685, 9686, 9687, 9697, 9699, 9700, 9703, 9704, 9706, 9707, 9708, 9710, 9711, 9712, 9713, 9716, 9717, 9719, 9720, 9721, 9725,
9726, 9727, 9729, 9733, 9737,
9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9755, 9756, 9757, 9759, 9761, 9762, 9764, 9766, 9768, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778,
9779, 9780, 9781, 9782, 9784,
9785, 9786, 9789, 9790, 9791, 9792, 9793, 9795, 9796, 9797, 9798, 9799, 9801, 9802, 9803, 9804, 9805, 9807, 9808, 9810, 9811, 9812, 9815, 9816, 9817,
9819, 9820, 9821, 9822, 9823,
9824, 9826, 9827, 9828, 9831, 9832, 9833, 9835, 9837, 9838, 9839, 9843, 9845, 9847, 9848, 9849, 9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9859,
9861, 9862, 9867, 9869, 9871,
9873, 9875, 9877, 9878, 9879, 9881, 9882, 9885, 9887, 9890, 9892, 9895, 9897, 9898, 9900, 9902, 9905, 9908, 9909, 9910, 9911, 9912, 9914, 9915, 9917,
9918, 9924, 9928, 9929, 9932,
9935, 9937, 9939, 9951, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9976, 9979, 9980, 9981, 9982, 9983, 9984,
9985, 9986, 9987, 10004, 10005,
10008, 10009, 10010, 10015, 10017, 10018, 10022, 10027, 14312, 14313, 14314, 14315, 14319, 18696, Agu-1, Bak-2, Bak-7, Dog-4, ICE1, ICE127, ICE130,
ICE134, ICE138, ICE181, ICE212, ICE213, ICE226, ICE228, ICE60, ICE6L, ICE71, ICE73, ICE98, Kastel-1, Koch-1, Leo-1, Mer-6, Tuescha9, TueV13,
Vash-1, Vie-0,

88, 159, 351, 403, 424, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 315, 932, 991, 992, 997, 1002, 1006, 1066, 1257, 1313, 1317, 1552, 1829, 1853,
1954, 2016, 2202, 2276, 2278, 2317,
4779, 4807, 4826, 4857, 4900, 4939, 4958, 5023, 5151, 5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5651, 5717, 5718, 5720, 5726,
5748, 5757, 5772, 5776, 5779,
5798, 5800, 5811, 5831, 5856, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022,
6023, 6030, 6041, 6042, 6070,
6071, 6074, 6076, 6085, 6087, 6088, 6090, 6092, 6095, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6119, 6123, 6124,
6131, 6132, 6133, 6151, 6169,
6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6235, 6237, 6240,
6241, 6243, 6244, 6252, 6255,
6258, 6268, 6276, 6284, 6296, 6390, 6445, 6680, 6744, 6897, 6898, 6904, 6907, 6909, 6911, 6913, 6917, 6918, 6919, 6922, 6923, 6926, 6929, 6931, 6933,
6938, 6940, 6943, 6944, 6957,
6958, 6960, 6961, 6963, 6966, 6967, 6968, 6970, 6971, 6973, 6974, 6976, 6979, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7014, 7025,
7031, 7062, 7063, 7064, 7067,
7068, 7071, 7081, 7092, 7094, 7102, 7103, 7106, 7107, 7109, 7119, 7120, 7125, 7130, 7133, 7143, 7161, 7163, 7164, 7177, 7181, 7183, 7186, 7192, 7203,
7207, 7208, 7209, 7213, 7217,
T99C 7223, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7282, 7288, 7296, 7298, 7306, 7316, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7344, 7353, 7372,
7373, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7415, 7417, 7418, 7419, 7427, 7430, 7460, 7461, 7471, 7477, 7514, 7516, 7517, 7525, 7529, 7530, 7717, 7947, 8214, 8222, 8227,
8234, 8235, 8236, 8238, 8243,
8247, 8249, 8290, 8297, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8357, 8365, 8366, 8369, 8420, 8422, 8424, 9027, 9057, 9067, 9069, 9070, 9075,
9078, 9079, 9081, 9084, 9085,
9089, 9091, 9095, 9099, 9100, 9102, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332,
9336, 9339, 9343, 9363, 9369,
9371, 9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9402, 9404, 9405, 9407, 9408, 9421, 9427, 9436, 9437, 9442, 9451, 9452, 9476, 9506,
9507, 9508, 9509, 9510, 9514,
9515, 9517, 9519, 9522, 9523, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544, 9545, 9548, 9549, 9550,
9551, 9552, 9553, 9554, 9555,
9556, 9558, 9559, 9560, 9561, 9569, 9571, 9573, 9574, 9576, 9578, 9579, 9581, 9583, 9584, 9585, 9590, 9595, 9596, 9598, 9599, 9602, 9606, 9611, 9613,
9615, 9619, 9620, 9621, 9624,
9627, 9628, 9632, 9633, 9634, 9635, 9636, 9637, 9639, 9640, 9641, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659,
9660, 9661, 9663, 9679, 9680,
9681, 9682, 9683, 9684, 9685, 9686, 9687, 9697, 9699, 9700, 9703, 9704, 9706, 9707, 9708, 9710, 9711, 9712, 9713, 9716, 9717, 9719, 9720, 9721, 9725,
9726, 9727, 9729, 9733, 9737,
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9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9755, 9756, 9757, 9759, 9761, 9762, 9764, 9766, 9768, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778,
9779, 9780, 9781, 9782, 9784,
9785, 9786, 9789, 9790, 9791, 9792, 9793, 9795, 9796, 9797, 9798, 9799, 9801, 9802, 9803, 9804, 9805, 9807, 9808, 9810, 9811, 9812, 9815, 9816, 9817,
9819, 9820, 9821, 9822, 9823,
9824, 9826, 9827, 9828, 9831, 9832, 9833, 9835, 9837, 9838, 9839, 9843, 9845, 9847, 9848, 9849, 9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9859,
9861, 9862, 9867, 9869, 9871,
9873, 9875, 9877, 9878, 9879, 9881, 9882, 9885, 9887, 9890, 9892, 9895, 9897, 9898, 9900, 9902, 9905, 9908, 9909, 9910, 9911, 9912, 9914, 9915, 9917,
9918, 9924, 9928, 9929, 9932,
9935, 9937, 9939, 9951, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9976, 9979, 9980, 9981, 9982, 9983, 9984,
9985, 9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10022, 10027, 14312, 14313, 14314, 14315, 14319, 18696, Agu-1, ICE134,
Kastel-1, Leo-1, Mer-6, Tuescha9,

410, 428, 765, 1254, 1890, 5104, 5486, 5800, 5837, 6025, 6039, 6043, 6046, 6064, 6069, 6073,

6097, 6115, 6126,
6134, 6141, 6153, 6154, 6163, 6166, 6231, 6238, 6242, 6396, 6413, 6424, 6434, 6900, 6901,
6903, 6915, 6920, 6932, 6951, 6956, 6968, 6969, 6975, 6981, 6997, 7025, 7072, 7096, 7126,
7127,7138, 7162, 7199, 7202, 7207, 7213, 7236, 7268, 7280, 7314, 7343, 7347, 7349, 7350,
7354, 7378, 7413, 7424, 7520, 7521, 8230, 8236, 8237, 8240, 8241, 8242, 8264, 8306, 8343,
8354, 8376, 8387, 9103, 9121, 9352, 9353, 9370, 9399, 9412, 9413, 9433, 9450, 9454, 9470,
9582, 9607, 9608, 9609, 9610, 9612, 9616, 9617, 9622, 9625, 9626, 9630, 9631, 9638, 9642,

Gl44A* | 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9689, 9690,
9691, 9692, 9693, 9694, 9695, 9696, 9698, 9701, 9705, 9714, 9718, 9722, 9723, 9727, 9728,
9730, 9731, 9732, 9735, 9736, 9744, 9754, 9758, 9762, 9764, 9766, 9787, 9788, 9794, 9800,
9806, 9809, 9811, 9813, 9814, 9850, 9864, 9870, 9886,

9930, 9933, 9951, 9955, 9956, 9958, 9973, 9974, 9975, 9978, 10004, 10020, 14314, 14318,

15591, 15592, 15593,

18694, 19949, 19950, 19951, Bak-2, Bak-7, Dog-4, ICE1, ICE127, ICE130, ICE138, ICE181,
ICE212, ICE213, ICE226, ICE228, ICE60, ICE61, ICE71, ICE73, ICE98, Koch-1, Nemrut-1,

TueV13, Vash-1, Vie-0,

Cl46A* 9559

T210C 9548

410, 428, 765, 1254, 1890, 5104, 5486, 5800, 5837, 5860, 6025, 6039, 6043, 6046, 6064, 6069,

6073, 6097, 6115,
6126, 6134, 6141, 6153, 6154, 6163, 6166, 6231, 6238, 6242, 6396, 6413, 6424, 6434, 6900,
6901, 6903, 6915, 6920, 6932, 6951, 6956, 6968, 6969, 6975, 6981, 6997, 7025, 7072, 7096,
7126, 7127,7138, 7162, 7199, 7202, 7207, 7213, 7236, 7268, 7280, 7314, 7347, 7349, 7350,
7354, 7378, 7413, 7424, 7520, 7521, 8230, 8237, 8240, 8241, 8242, 8264, 8306, 8343, 8354,
8376, 8387, 8419, 9103, 9121, 9352, 9353, 9370, 9399, 9412, 9413, 9433, 9450, 9454, 9470,
9582, 9607, 9608, 9609, 9610, 9612, 9616, 9617, 9622, 9625, 9626, 9631, 9638, 9642, 9664,
9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9689, 9690, 9691,
9692, 9693, 9694, 9695, 9696, 9698, 9701, 9705, 9714, 9718, 9722, 9723, 9727, 9728, 9730,
9731, 9732, 9735, 9736, 9744, 9754,

9758, 9762, 9764, 9766, 9787, 9788, 9794, 9800, 9806, 9809, 9811, 9813, 9814, 9850, 9864,

9870, 9886, 9930,
9933, 9951, 9955, 9956, 9958, 9973, 9974, 9975, 9978, 10004, 10020, 14314, 14318, 15591,
15592, 15593,

18694, 19949, 19950, 19951, Bak-2, Bak-7, Dog-4, ICE1, ICE127, ICE130, ICE138, ICE181,

ICE212, ICE213, ICE226, ICE228, ICE60, ICE61, ICE71, ICE73, ICE98, Koch-1, Nemrut-1,
TueV13, Vash-1, Vie-0,

A230G
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108, 139, 265, 350, 351, 428, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728

742, 853, 854, 867,
868, 932, 1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739,

1741, 1756, 1757,

1793, 1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057
2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286, 2370,
2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020, 6024,
6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104, 6108
6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6153,
6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806, 6814,
6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013, 7026
7028, 7033, 7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231, 7248,
7280, 7287, 7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475,
7515, 7520, 7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230,
8231, 8233, 8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387
8419, 8426, 8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409
9412, 9413, 9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521
9524, 9525, 9536, 9546, 9547, 9557, 9562, 9564, 9565, 9567, 9568, 9577, 9586, 9587, 9588,
9589, 9591, 9592, 9593, 9594, 9597

9601, 9602, 9629, 9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689,
9690, 9691, 9692,

9693, 9694, 9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749
9769, 9783, 9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844,
9846, 9860, 9861, 9862, 9866, 9868, 9874, 9876, 9880, 9882, 9883, 9888, 9891, 9894, 9899,
9901, 9903, 9904, 9906, 9920, 9921, 9925, 9926, 9927, 9930, 9938, 9951, 9953, 9973, 9974,

9975, 9978, 10004, 10020, 10023, 14318, 15560,

A295C*

265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867
868, 932, 1061

1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757,1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942, 1943, 2017
2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240
2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253, 5720, 5726, 5741, 5748,
5757,5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832, 5836, 5837, 5865, 6016, 6020,
6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6096, 6104, 6108,
6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149, 6150, 6153, 6154,
6163, 6166, 6172, 6174, 6180, 6194, 6195, 6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749,
6750, 6805, 6806, 6814, 6898, 6900, 6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927,
6958, 6959, 6982, 6984, 6987, 7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117
7119, 7125, 7133, 7160, 7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316
7319, 7332, 7342, 7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566
C482A* | 7568, 7757,7767,7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236,
8241, 8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416, 9421,
9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525, 9531, 9534,
9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568, 9571, 9576, 9577
9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595, 9597, 9601, 9602, 9644,
9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664, 9666, 9667, 9668, 9670, 9671,
9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9697, 9700, 9712
9714, 9722,9727,9729, 9743, 9744, 9762, 9764, 9769, 9771, 9782, 9783, 9784, 9792, 9796
9799, 9802, 9803, 9807, 9808, 9810, 9815, 9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836
9840, 9841, 9843, 9844, 9845, 9846, 9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868
9870, 9874, 9876, 9880, 9882, 9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902,
9903, 9904, 9906, 9908, 9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965,
9966, 9968, 9969, 9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983,
9984, 9985, 9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023
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G486C

265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867
868, 932, 1061,

1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942, 1943, 2017,
2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240,
2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253, 5720, 5726, 5741, 5748,
5757, 5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832, 5836, 5837, 5865, 6016, 6020,
6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6096, 6104, 6108,
6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149, 6150, 6153, 6154,
6163, 6166, 6172, 6174, 6180, 6194, 6195, 6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749,
6750, 6805, 6806, 6814, 6898, 6900, 6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927,
6958, 6959, 6982, 6984, 6987, 7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117,
7119, 7125, 7133, 7160, 7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316,
7319, 7332, 7342, 7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566,
7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236,
8241, 8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416, 9421,
9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525, 9531, 9534,
9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568, 9571, 9576, 9577,
9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595, 9597, 9601, 9602, 9644,
9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664, 9666, 9667, 9668, 9670, 9671,
9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9697, 9700, 9712,
9714, 9722, 9727, 9729, 9743, 9744, 9762, 9764, 9769, 9771, 9782, 9783, 9784, 9792, 9796,
9799, 9802, 9803, 9807, 9808, 9810, 9815, 9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836,
9840, 9841, 9843, 9844, 9845, 9846, 9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868
9870, 9874, 9876, 9880, 9882, 9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902,
9903, 9904, 9906, 9908, 9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965,
9966, 9968, 9969,

9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986

9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023
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G487A*

265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867
868, 932, 1061,

1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942, 1943, 2017,
2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240,
2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253, 5720, 5726, 5741, 5748,
5757, 5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832, 5836, 5837, 5865, 6016, 6020,
6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6096, 6104, 6108,
6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149, 6150, 6153, 6154,
6163, 6166, 6172, 6174, 6180, 6194, 6195, 6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749,
6750, 6805, 6806, 6814, 6898, 6900, 6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927,
6958, 6959, 6982, 6984, 6987, 7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117,
7119, 7125, 7133, 7160, 7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316,
7319, 7332, 7342, 7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566,
7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236,
8241, 8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416, 9421,
9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525, 9531, 9534,
9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568, 9571, 9576, 9577,
9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595, 9597, 9601, 9602, 9644,
9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664, 9666, 9667, 9668, 9670, 9671,
9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9697, 9700, 9712,
9714, 9722, 9727, 9729, 9743, 9744, 9762, 9764, 9769, 9771, 9782, 9783, 9784, 9792, 9796,
9799, 9802, 9803, 9807, 9808, 9810, 9815, 9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836,
9840, 9841, 9843, 9844, 9845, 9846, 9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868
9870, 9874, 9876, 9880, 9882, 9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902,
9903, 9904, 9906, 9908, 9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965,
9966, 9968, 9969,

9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986

9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023
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7525, 7529, 7530, 7566, 7568,
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9861, 9862, 9866, 9867, 9868,
9869, 9871, 9873, 9874, 9875, 9876, 9877, 9878, 9879, 9880, 9881, 9882, 9883, 9885, 9887, 9888, 9891, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901,
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G574C*

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063,
1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797,
1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057, 2081, 2091
2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286, 2370, 2412, 4840,
4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020, 6024, 6025, 6034,
6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104, 6108, 6118, 6122,
6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163,
6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6900, 6901
6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033,
7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287,
7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520,
7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233,
8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426,
8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413
9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525,
9536, 9546, 9547, 9557, 9562, 9564,
9565, 9567, 9568, 9577, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,
9629, 9664, 9665,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783,
9787, 9788, 9794, 9800, 9806, 9813
9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860, 9861, 9862, 9866, 9868, 9874, 9876,
9880, 9882, 9883
9888, 9891, 9894, 9899, 9901, 9904, 9921, 9925, 9938, 9973, 9974, 9975, 9978, 10023, Agu-1
Bak-7, ICE1, ICE181, ICE212, ICE213, ICE226, ICE228, Mer-6, Tuescha9, Vie-0,

T588C

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063,
1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797
1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057, 2081, 2091
2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286, 2370, 2412, 4840,
4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020, 6024, 6025, 6034,
6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104, 6108, 6118, 6122
6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163
6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6900, 6901
6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033,
7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287
7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520,
7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233,
8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426
8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413
9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525
9536, 9546, 9547, 9557, 9562, 9564,
9565, 9567, 9568, 9577, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,
9629, 9664, 9665,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783
9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860,
9861, 9862, 9866, 9868, 9874, 9876, 9880, 9882, 9883, 9888, 9891, 9894, 9899, 9901, 9904,
9921, 9925, 9938, 9973, 9974, 9975, 9978, 10023




145

C629A*

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063,
1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797
1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057, 2081, 2091
2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286, 2370, 2412, 4840,
4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020, 6024, 6025, 6034,
6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104, 6108, 6118, 6122
6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163,
6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6900, 6901
6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033
7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287
7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520,
7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233
8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426
8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413
9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525
9536, 9546, 9547, 9557, 9562, 9564,
9565, 9567, 9568, 9577, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,
9629, 9664, 9665,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783
9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860,
9861, 9862, 9866, 9868, 9874, 9876, 9880, 9882, 9883, 9888, 9891, 9894, 9899, 9901, 9904,
9921, 9925, 9938, 9973, 9974, 9975, 9978, 10023

G667T*

139, 265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854,
867, 868, 932,
1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053,
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286,
2370, 2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020,
6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104,
6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150,
6153, 6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806,
6814, 6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013,
7026, 7028, 7033, 7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231,
7248, 7280, 7287, 7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416
7475, 7515, 7520, 7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171
8230, 8231, 8233, 8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335,
8387, 8419, 8426, 8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380,
9409, 9412, 9413, 9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520,
9521, 9524, 9525, 9536, 9546, 9547, 9557, 9562, 9564, 9565, 9567, 9568, 9577, 9586, 9587,
9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,

9629, 9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691

9692, 9693, 9694,

9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783,
9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860,
9861, 9862, 9866, 9868, 9874, 9876
9880, 9882, 9883, 9888, 9891, 9894, 9899, 9901, 9904, 9921, 9925, 9938, 9973, 9974, 9975,
9978, 10023, Agu-1, Leo-1, Mer-6, Tuescha9,
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765, 1254, 1890, 5104, 5486, 5860, 5867, 6039, 6064, 6069, 6073, 6097, 6115, 6126, 6134,
6231, 6238, 6242, 6396, 6434, 6920, 6932, 6968, 6969, 6975, 6981, 6997, 7026, 7072, 7096,
7126, 7138, 7162, 7199, 7202, 7207, 7213, 7236, 7268, 7314, 7343, 7347, 7349, 7350, 7424,
8237, 8240, 8242, 843, 8354, 8376, 9433, 9450, 9470, 9607, 9608, 9609, 9610, 9612, 9616,
9617, 9622, 9625, 9630, 9631, 9638, 9642, 9669, 9672, 9701, 9705, 9718,
9723, 9730, 9732, 9735, 9736, 9754, 9758, 9809, 9951, 9952, 9955, 9956, 9958, 9960, 14314,
15591, 15592, 15593, 18694, 19949, 19950, 19951, Dog-4, ICE127, ICE130, ICE138, ICEG0,
ICE61, ICE71, ICE73, Koch-1, TueV13,

C710T*

88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 915, 932, 991, 992, 997, 1002, 1006, 1066, 1254, 1257,
1313, 1317, 1552, 1829, 1852, 1853, 1872, 1890, 1954, 2016, 2202, 2276, 2278, 2285, 2317, 4779, 4807, 4826, 4857, 4884, 4900, 4939, 4958, 5023, 5104, 5151,
5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5784, 5798,
5800, 5811, 5822, 5831, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021,
6022, 6023, 6025, 6030, 6039, 6041, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073, 6074, 6076, 6085,
6087, 6088, 6090, 6092, 6094, 6095, 6097, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6115, 6119, 6122, 6123, 6124,
6126, 6131, 6132, 6133, 6134, 6141, 6151, 6153, 6154, 6163, 6166, 6169, 6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202,
6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6242, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296,
6390, 6396, 6413, 6424, 6434, 6445, 6680, 6744, 6830, 6897, 6898, 6900, 6901, 6903, 6904, 6907, 6909, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922,
6923, 6924, 6926, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6944, 6945, 6951, 6956, 6957, 6958, 6959, 6960, 6961, 6963,
6966, 6967, 6968, 6969, 6970, 6971, 6973, 6974, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7008, 7013,
7014, 7025, 7026, 7031, 7033, 7058, 7062, 7063, 7064, 7067, 7068, 7071, 7072, 7077, 7081, 7092, 7094, 7096, 7102, 7103, 7106, 7107, 7109, 7111, 7119,
7120, 7125, 7126, 7127, 7130, 7133, 7138, 7143, 7147, 7158, 7161, 7162, 7163, 7164, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208,
7209, 7213, 7217, 7223, 7231, 7236, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7280, 7282, 7288, 7296, 7298, 7306, 7314, 7316, 7319, 7320, 7322, 7323,
7327, 7328, 7332, 7333, 7337, 7343, 7344, 7347, 7349, 7350, 7353, 7354, 7356, 7372, 7373, 7378, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7413, 7415, TA17, 7418, 7419, 7424, 7427, 7430, 7460, TA61, 7471, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7525, 7529, 7530,
7717, 7767, 7917, 7947, 8214, 8222, 8227, 8230, 8233, 8234, 8235, 8236, 8237, 8238, 8239, 8240, 8241, 8242, 8243, 8247, 8249, 8284, 8285, 8290, 8297,
8306, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8354, 8357, 8365, 8366, 8369, 8376, 8386, 8387, 8419, 8420, 8422, 8424, 8426, 9027, 9057, 9067,
9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9121, 9125, 9128,
T723C 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9381,
9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9399, 9402, 9404, 9405, 9407, 9408, 9412, 9413, 9421, 9427, 9433, 9436, 9437, 9442, 9450, 9451,
9452, 9454, 9470, 9476, 9503, 9506, 9507, 9508, 9509, 9510, 9511, 9513, 9514, 9515, 9517, 9518, 9519, 9520, 9522, 9523, 9524, 9526, 9527, 9528, 9529,
9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9540, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9548, 9549, 9550, 9551, 9552, 9553, 9554, 9555, 9556,
9558, 9559, 9560, 9561,9569, 9571, 9573, 9574, 9576, 9577, 9578, 9579, 9581, 9582, 9583, 9584, 9585, 9586, 9590, 9591, 9592, 9594, 9595, 9596, 9598,
9599, 9600, 9601, 9606, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626,
9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653,
9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682,
9683, 9684, 9685, 9686, 9687, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9697, 9698, 9699, 9700, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709,
9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9721, 9722, 9723, 9725, 9726, 9727, 9728, 9729, 9730, 9731, 9732, 9733, 9735, 9736, 9737,
9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9758, 9759, 9761, 9762, 9764, 9766, 9768,
9769, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9784, 9785, 9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795,
9796, 9797, 9798, 9799, 9800, 9801, 9802, 9803, 9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812, 9813, 9814, 9815, 9816, 9817, 9819, 9820, 9821,
9822, 9823, 9824, 9826, 9827, 9828, 9830, 9831, 9832, 9833, 9834, 9835, 9836, 9837, 9838, 9839, 9843, 9844, 9845, 9847, 9848, 9849, 9850, 9851, 9852,
9853, 9854, 9855, 9856, 9857, 9858, 9859, 9860, 9861, 9862, 9864, 9866, 9867, 9868, 9869, 9870, 9871, 9873, 9875, 9876, 9877, 9878, 9879, 9881, 9882,
9883, 9885, 9886, 9887, 9888, 9890, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901, 9902, 9904, 9905, 9906, 9908, 9909,
9910, 9911, 9912, 9914, 9915, 9917, 9918, 9924, 9928, 9929, 9930, 9932, 9933, 9935, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957, 9958, 9959,
9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987,
10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10020, 10022, 10027, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15593,
18694, 18696, 19949, 19950, 19951
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88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 915, 932, 991, 992, 997, 1002, 1006, 1066, 1254, 1257,
1313, 1317, 1552, 1829, 1852, 1853, 1872, 1890, 1954, 2016, 2202, 2276, 2278, 2285, 2317, 4779, 4807, 4826, 4857, 4884, 4900, 4939, 4958, 5023, 5104,
5151, 5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779,
5784, 5798, 5800, 5811, 5822, 5831, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013,
6017, 6019, 6021, 6022, 6023, 6025, 6030, 6039, 6041, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073, 6074, 6076, 6085,
6087, 6088, 6090, 6092, 6094, 6095, 6097, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6115, 6119, 6122, 6123, 6124,
6126, 6131, 6132, 6133, 6134,6141, 6151, 6153, 6154, 6163, 6166, 6169, 6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202,
6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6242, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296,
6390, 6396, 6413, 6424, 6434, 6445, 6680, 6744, 6830, 6897, 6898, 6900, 6901, 6903, 6904,6907, 6909, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922,
6923, 6924, 6926, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6944, 6945, 6951, 6956, 6957, 6958, 6959, 6960, 6961, 6963,
6966, 6967, 6968, 6969, 6970, 6971, 6973, 6974, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7008, 7013,
7014, 7025, 7026, 7031, 7033,7058, 7062, 7063, 7064, 7067, 7068, 7071, 7072, 7077, 7081, 7092, 7094, 7096, 7102, 7103, 7106, 7107, 7109, 7111, 7119,
7120, 7125, 7126, 7127, 7130, 7133, 7138, 7143, 7147, 7158, 7161, 7162, 7163, 7164, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208,
7209, 7213, 7217, 7223, 7231, 7236, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7280, 7282,7288, 7296, 7298, 7306, 7314, 7316, 7319, 7320, 7322, 7323,
7327, 7328, 7332, 7333, 7337, 7343, 7344, 7347, 7349, 7350, 7353, 7354, 7356, 7372, 7373, 7378, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7413, 7415, 7417, 7418, 7419, 7424, 7427, 7430, 7460, 7461, 7471, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7525, 7529, 7530,
7717, 7767, 7917, 7947, 8214,8222, 8227, 8230, 8233, 8234, 8235, 8236, 8237, 8238, 8239, 8240, 8241, 8242, 8243, 8247, 8249, 8284, 8285, 8290, 8297,
8306, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8354, 8357, 8365, 8366, 8369, 8376, 8386, 8387, 8419, 8420, 8422, 8424, 8426, 9027, 9057, 9067,
9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103,9104, 9105, 9106, 9111, 9113, 9114, 9115, 9121, 9125, 9128,
C724A* 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9381,
9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9399, 9402, 9404, 9405, 9407, 9408, 9412, 9413, 9421, 9427, 9433, 9436, 9437, 9442, 9450, 9451,
9452, 9454, 9470, 9476, 9503,9506, 9507, 9508, 9509, 9510, 9511, 9513, 9514, 9515, 9517, 9518, 9519, 9520, 9522, 9523, 9524, 9526, 9527, 9528, 9529,
9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9540, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9548, 9549, 9550, 9551, 9552, 9553, 9554, 9555, 9556,
9558, 9559, 9560, 9561,9569, 9571, 9573, 9574, 9576, 9577, 9578, 9579, 9581, 9582, 9583, 9584, 9585, 9586, 9590, 9591, 9592, 9594, 9595, 9596, 9598,
9599, 9600, 9601, 9606, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626,
9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653,
9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682,
9683, 9684, 9685, 9686, 9687, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9697, 9698, 9699, 9700, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709,
9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9721, 9722, 9723, 9725, 9726, 9727, 9728, 9729, 9730, 9731, 9732, 9733, 9735, 9736, 9737,
9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9758, 9759, 9761, 9762, 9764, 9766, 9768,
9769, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9784, 9785, 9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795,
9796, 9797, 9798, 9799, 9800, 9801, 9802, 9803, 9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812, 9813, 9814, 9815, 9816, 9817, 9819, 9820, 9821,
9822, 9823, 9824, 9826, 9827, 9828, 9830, 9831, 9832, 9833, 9834, 9835, 9836, 9837, 9838, 9839, 9843, 9844, 9845, 9847, 9848, 9849, 9850, 9851, 9852,
9853, 9854, 9855, 9856, 9857, 9858, 9859, 9860, 9861, 9862, 9864, 9866, 9867, 9868, 9869, 9870, 9871, 9873, 9875, 9876, 9877, 9878, 9879, 9881, 9882,
9883, 9885, 9886, 9887, 9888, 9890, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901, 9902, 9904, 9905, 9906, 9908, 9909,
9910, 9911, 9912, 9914, 9915, 9917, 9918, 9924, 9928, 9929, 9930, 9932, 9933, 9935, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957, 9958, 9959,
9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987,
10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10020, 10022, 10027, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15593,
18694, 18696, 19949, 19950, 19951

470,476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1942, 1943, 2017, 2031, 2053, 2057, 2081
2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2276, 2286, 2370, 2412
4840, 5210, 5830, 5832, 5836, 6016, 6020, 6024, 6034, 6035, 6036, 6038, 6040, 6077, 6086
6091, 6096, 6104, 6108, 6118, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149
6150, 6172, 6174, 6195, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6908, 6927, 6959, 6982
7008, 7013, 7028, 7036, 7058, 7061, 7117, 7160, 7165, 7169, 7248, 7287, 7305, 7306, 7307
7342, 7346, 7358, 7359, 7377, 7416, 7475, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057
8077, 8132, 8171, 8231, 8246, 8256, 8258, 8259, 8264, 8283, 8335, 8427, 8464, 8483, 8699
8723, 9058, 9380, 9409, 9416, 9453, 9455, 9471, 9481, 9512, 9518, 9520, 9521, 9525, 9536
9540, 9557, 9562, 9564, 9565, 9567, 9568, 9582, 9589, 9591, 9592, 9593, 9594, 9597, 9602
9722, 9744, 9762, 9783, 9830, 9836, 9840, 9841, 9844, 9846, 9850, 9874, 9886, 9888, 9891
9903, 9906, 9921, 9927, 10023, Agu-1, ICEL, Leo-1, Mer-6, Tuescha9,

AT37G*

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1942, 1943, 2017, 2031, 2053, 2057, 2081
2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2276, 2286, 2370, 2412
4840, 5210, 5830, 5832, 5836, 6016, 6020, 6024, 6034, 6035, 6036, 6038, 6040, 6077, 6086,
6091, 6096, 6104, 6108, 6118, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149
6150, 6172, 6174, 6195, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6908, 6927, 6959, 6982
7008, 7013, 7028, 7036, 7058, 7061, 7117, 7160, 7165, 7169, 7248, 7287, 7305, 7306, 7307
7342, 7346, 7358, 7359, 7377, 7416, 7475, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057
8077, 8132, 8171, 8231, 8246, 8256, 8258, 8259, 8264, 8283, 8335, 8427, 8464, 8483, 8699,
8723, 9058, 9380, 9409, 9416, 9453, 9455, 9471, 9481, 9512, 9518, 9520, 9521, 9525, 9536
9540, 9557, 9562, 9564, 9565, 9567, 9568, 9582, 9589, 9591, 9592, 9593, 9594, 9597, 9602
9722, 9744, 9762, 9783, 9830, 9836, 9840, 9841, 9844, 9846, 9850, 9874, 9886, 9888, 9891
9903, 9906, 9921, 9927, 10023

AB36C*
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APENDICE F - SNPs DA AOX1d DE de A. thaliana

SNPs ENCONTRADOS NO GENE AOX1d DE de 1190 ECOTIPOS DE A. thaliana,
EM QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS
PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “IDCODE” DOS

ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO

SINONIMOS INDICADOS POR UM ASTERISCO (*)

SNPs Ecdtipos com o SNP especificado no gene da At AOX1d
C34T* 9722
T38G* 9079, 9591,
A39G Agu-1, Ey15-2, ICE169, ICE173, ICE181, ICE226, ICE228, Leo-1, TueV13, Vie-0,
A42C 6101, 6975, 7353, 9121, 9591, 9777, 9895, 9924,
159, 428, 628, 997, 1066, 1070, 5210, 5644, 5720, 5757, 5768, 5772, 5830, 5832, 6019, 6020,
6092, 6098, 6100,
6109, 6112, 6180, 6221, 6238, 6413, 6915, 6922, 6933, 6961, 6992, 7058, 7061, 7111, 7126,
7127, 7147, 7163, 7217, 7268, 7306, 7333, 7342, 7354, 7372, 7382, 7413, 7430, 7471, 8230,
8231, 8242, 8244, 8343, 8366, 8387, 9336, 9639, 9643, 9369, 9388, 9394, 9408, 9412, 9413,
Al112G* | 9436, 9452, 9454, 9518, 9521, 9525, 9526, 9528, 9532, 9534, 9539, 9541, 9546, 9547, 9557,
9558, 9561, 9562, 9564, 9567, 9568, 9576, 9577, 9582, 9583, 9587, 9588, 9589, 9592, 9594,
9666, 9667, 9668, 9669, 9670, 9672, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9687, 9689,
9690, 9692, 9693, 9707, 9733, 9809, 9822, 9825, 9835, 9840, 9844, 9846, 9848, 9858, 9861,
9867, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9892, 9897, 9898, 9899, 9901, 9903, 9904,
9912, 9926, 9971, 9972, 9978,
772,1254, 1257, 1317, 1552, 6016, 6017, 6172, 6173, 6174, 6177, 6184, 6214, 6216, 6217,
T200A* 6218, 6235, 6237,
6240, 6241, 6244, 6900, 6901, 6917, 6968, 6969, 7067, 7120, 7396, 8326, 8351, 8376, 9386,
9427, 9694, 9695, 9696, 9697, 9699, 9736, 9914, 9974, 9975, 10015, 14312, 14319,
G234A 9837
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
A238G* | Istisu-1, Kastel-1,
Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
T265A* | Istisu-1, Kastel-1,
Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
A268T* | Istisu-1, Kastel-1,
Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
A291G 9597
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C299T*

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
Istisu-1, Kastel-1,
Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,

G301A*

Don-0, Ey15-2, ICE134, ICE163, ICE169, ICE173, ICE181, ICE212, ICE213, ICE226, ICE228,
Ped-0, Qui-0, Sha,

G313A*

9711

C320G*

6413

A331G*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010,
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088,
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163,
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922,
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063,
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352,
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820,

9821, 9822, 9825, 9831, 9835, 9839,

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898,
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9982, 10023, 10027, 14316, 15591,
15592, 15593, 18694, 19949, 19950, 19951,

T342C

Cdm-0, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112,
ICE119, ICE120,
ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173,

ICE181, ICE212,

ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE50, ICE6GO, ICE61, ICE7O0,

ICE72, ICE73, ICE75,

ICE91, ICE92, ICE97, ICE98, Koch-1, Ped-0, Pra-6, Qui-0, Sha, Star-8, TueSB30-3, Tuescha9,

TueWal-2,
WalhaesB4, Xan-1, Yeg-0,
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A352G*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757,
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898,
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951,

C368T*

Cdm-0, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112,
ICE119, ICE120,
ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173,

ICE181, ICE212,

ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICES0, ICE60, ICE61, ICE70,

ICE72, ICE73, ICET75,

ICE91, ICE92, ICE97, ICE98, Koch-1, Ped-0, Pra-6, Qui-0, Sha, Star-8, TueSB30-3, Tuescha9,

TueWal-2,
WalhaesB4, Xan-1, Yeg-0,

A374G*

Agu-1, Bak-7, Cdm-0, Del-0, Dog-4, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106,

ICE107, ICE111,
ICE112, ICE119, ICE120, ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153,
ICE163, ICE169,
ICE173, ICE181, ICE21, ICE212, ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36,
ICE49, ICE5O0,

ICE60, ICE61, ICE70, ICE72, ICE73, ICE75, ICE91, ICE92, ICEQ3, ICE97, ICE98, Kastel-1,

Koch-1, Lag2, Leo-

1, Lerik1-3, Mer-6, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9,

TueV13, TueWal-

2, Vie-0, WalhaesB4, Xan-1, Yeg-0,
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C377A*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 58

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757,
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898,
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951,

A387T

1158, 1166, 5836, 6034, 6036, 6038, 6041, 6042, 6088, 6091, 6104, 6118, 6125, 6132, 6133,
6136, 6140, 6150, 6189, 7305, 8307, 9057, 9404, 9405, 9407, 9710, 9727, 9781, 9782, 9788,
Del-10, Lag2, Lerik1-3,

T393G

772,1254, 1257, 1317, 1552, 6016, 6017, 6070, 6172, 6173, 6174, 6177, 6184, 6214, 6216,
6217, 6218, 6235,
6237, 6240, 6241, 6244, 6900, 6901, 6917, 6968, 6969, 7067, 7120, 7347, 7396, 8290, 8326,
8351, 8376, 9371,
9386, 9427, 9437, 9609, 9694, 9695, 9696, 9697, 9699, 9736, 9758, 9914, 9974, 9975, 10015,
14312, 14319, ICE212, ICE213, Sha,

G427A*

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICEL, ICE49, ICE63, ICE7, ICE71, ICE79, Istisu-1,
Kastel-1, Lag2, Nemrut-
1, Rue3-1-31, Vash-1, Vie-0,

C428T*

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICEL, ICE49, ICE63, ICE7, ICE71, ICE79, Istisu-1,
Kastel-1, Lag2, Nemrut-
1, Rue3-1-31, Vash-1, Vie-0,

37,
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A438C

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757,
9761, 9762, 9770, 9774, 9777,9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951

A440G*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163,
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072,7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342,
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352,
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318
15591, 15592, 15593, 18696, 19949, 19950, 19951

G469A*

9509, 9513, 9555,

C538T*

Cdm-0, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112,
ICE119, ICE120,
ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173,
ICE181, ICE212,
ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE50, ICE60, ICE61, ICE70
ICE72, ICE73, ICET75,
ICE91, ICE92, ICE97, ICE98, Kastel-1, Koch-1, Ped-0, Pra-6, Qui-0, Sha, Star-8, TueSB30-3,
Tuescha9, TueWal-
2, WalhaesB4, Xan-1, Yeg-0,
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430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837
5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
C570G 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820
9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837
5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072,7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
C586T* 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757
9761, 9762, 9770, 9774, 9777,9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820
9821, 9822, 9825, 9831, 9835, 9839,

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951
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C595T*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757
9761, 9762, 9770, 9774, 9777,9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318
15591, 15592, 15593, 18696, 19949, 19950, 19951

T623C*

Bak-2, ICE7, ICE63, ICE7, ICET1, ICE73, ICE79, Istisu-1, Nemrut-1, Vash-1,

C624G*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837
5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588,
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757,
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820
9821, 9822, 9825, 9831, 9835, 9839
9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951




155

88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 630, 680, 681, 685, 687, 728, 742, 763,
765, 766, 768, 801, 853,
854, 867, 868, 870, 915, 932, 991, 992, 1002, 1006, 1061, 1062, 1063, 1158, 1166, 1313, 1612, 1622, 1651, 1652, 1676, 1684, 1739,
1741, 1756, 1757, 1793, 1797,
1819, 1820, 1829, 1834, 1835, 1851, 1852, 1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106,
2108, 2141, 2159, 2166,
2171, 2191, 2202, 2212, 2239, 2240, 2276, 2278, 2285, 2286, 2317, 2370, 2412, 4779, 4807, 4826, 4840, 4857, 4884, 4900, 4939, 4958,
5023, 5104, 5151, 5165,
5210, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5651, 5717, 5718, 5720, 5726, 5741, 5748, 5768, 5772, 5776, 5779,
5784, 5798, 5800, 5811,
5822, 5830, 5831, 5836, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012,
6013, 6021, 6022, 6023,
6024, 6025, 6030, 6034, 6035, 6036, 6038, 6039, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6071, 6073, 6074, 6076, 6077, 6085, 6086,
6087, 6088, 6090, 6091,
6092, 6094, 6095, 6096, 6097, 6098, 6099, 6101, 6102, 6104, 6105, 6106, 6107, 6108, 6109, 6111, 6113, 6114, 6115, 6118, 6119, 6122,
6123, 6124, 6125, 6126,
6128, 6131, 6132, 6133, 6134, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6150, 6151, 6153, 6154, 6163, 6166, 6169, 6188, 6189,
6191, 6192, 6193, 6194,
6195, 6198, 6201, 6202, 6203, 6209, 6210, 6220, 6221, 6231, 6238, 6242, 6243, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396,
6413, 6424, 6434, 6445,
6680, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6830, 6897, 6898, 6903, 6904, 6907, 6908, 6909, 6911, 6913, 6917, 6918, 6919,
6920, 6922, 6923, 6924,
6926, 6927, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6944, 6945, 6951, 6956, 6957, 6958, 6959, 6960, 6961, 6963, 6966, 6967, 6970,
6971, 6973, 6974, 6975,
6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6997, 7000, 7002, 7003, 7008, 7013, 7014, 7025, 7026, 7028, 7031, 7033, 7036,
7058, 7061, 7062, 7063,
7064, 7068, 7071, 7072, 7077, 7092, 7094, 7096, 7102, 7103, 7106, 7107, 7109, 7111, 7117, 7119, 7125, 7130, 7133, 7138, 7143, 7147,
7158, 7160, 7161, 7162,
7164, 7165, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208, 7209, 7213, 7217, 7223, 7231, 7236, 7244, 7248, 7250,
7255, 7258, 7268, 7273,
7276, 7280, 7282, 7287, 7296, 7298, 7305, 7306, 7307, 7314, 7316, 7319, 7320, 7322, 7323, 7327, 7328, 7332, 7337, 7342, 7343, 7344,
7346, 7349, 7350, 7353,
7356, 7358, 7359, 7373, 7377, 7378, 7382, 7383, 7384, 7387, 7394, 7404, 7411, 7415, 7416, 7417, 7418, 7419, 7424, 7427, 7430, 7460,
7461, 7471, 7475, 7477,
7514, 7515, 7516, 7517, 7520, 7521, 7523, 7525, 7529, 7530, 7566, 7568, 7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8171,
8214, 8222, 8227, 8230,
G627A 8231, 8233, 8234, 8235, 8236, 8237, 8238, 8239, 8240, 8241, 8242, 8243, 8244, 8246, 8247, 8249, 8256, 8258, 8259, 8264, 8283, 8284,
8285, 8290, 8297, 8306,
8307, 8311, 8312, 8334, 8335, 8337, 8343, 8354, 8357, 8365, 8366, 8369, 8386, 8419, 8420, 8422, 8424, 8426, 8427, 8464, 8483, 8699,
8723, 9027, 9057, 9058,
9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9104, 9105, 9106, 9111, 9113, 9114, 9115,
9121, 9125, 9128, 9130,
9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9343, 9352, 9353, 9363, 9370, 9380, 9381, 9382, 9383, 9388, 9390, 9391,
9392, 9395, 9399, 9402,
9404, 9405, 9407, 9408, 9409, 9416, 9421, 9433, 9442, 9450, 9451, 9452, 9453, 9455, 9470, 9471, 9476, 9481, 9503, 9506, 9507, 9508,
9510, 9511, 9512, 9514,
9517, 9518, 9519, 9520, 9521, 9522, 9524, 9525, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9536, 9537, 9539, 9540,
9541, 9543, 9544, 9545,
9546, 9547, 9548, 9551, 9552, 9553, 9556, 9557, 9558, 9560, 9561, 9562, 9564, 9565, 9567, 9568, 9573, 9574, 9576, 9577, 9578, 9579,
9582, 9584, 9585, 9586,
9587, 9588, 9589, 9590, 9591, 9592, 9594, 9595, 9596, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9608, 9610, 9611, 9612, 9613, 9615,
9616, 9617, 9619, 9620,
9621, 9624, 9625, 9626, 9627, 9628, 9629, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645,
9646, 9647, 9648, 9649,
9651, 9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9664, 9665, 9671, 9673, 9676, 9677, 9678, 9686, 9691, 9698, 9700, 9701,
9703, 9704, 9705, 9706,
9707, 9708, 9709, 9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9721, 9722, 9723, 9725, 9726, 9727, 9728, 9729, 9730,
9731, 9732, 9735, 9737,
9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9759, 9761, 9762, 9766, 9768, 9769, 9770, 9771, 9772,
9774, 9775, 9776, 9777,
9778, 9779, 9780, 9781, 9782, 9783, 9784, 9785, 9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795, 9796, 9797, 9798, 9799,
9800, 9801, 9802, 9803,
9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812, 9813, 9814, 9815, 9816, 9817, 9819, 9820, 9821, 9822, 9823, 9824, 9825, 9826,
9827, 9828, 9830, 9831,
9833, 9834, 9835, 9836, 9839, 9840, 9841, 9843, 9844, 9846, 9847, 9848, 9849, 9850, 9852, 9853, 9854, 9855, 9857, 9858, 9859, 9860,
9861, 9862, 9864, 9866,
9867, 9868, 9869, 9870, 9874, 9875, 9876, 9879, 9880, 9881, 9882, 9883, 9885, 9886, 9890, 9891, 9894, 9895, 9897, 9898, 9899, 9900,
9901, 9902, 9903, 9904,
9905, 9906, 9908, 9909, 9910, 9911, 9912, 9915, 9917, 9918, 9920, 9921, 9924, 9925, 9926, 9927, 9928, 9929, 9930, 9932, 9933, 9935,
9937, 9938, 9939, 9951,
9952, 9955, 9956, 9957, 9958, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9976, 9979, 9980, 9981, 9982, 9983, 9984, 9985,
9986, 9987, 10004, 10005,
10008, 10009, 10010, 10017, 10018, 10020, 10022, 10023, 10027, 14313, 14314, 14315, 14318, 15560, 15591, 15592, 15593, 18694,
18696, 19949, 19950, 19951,
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T652A*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836, 5837

5860, 6009, 6010
6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077, 6088
6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163
6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911, 6922
6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062, 7063,
7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327, 7342
7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242, 8244,
8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089, 9091
9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343, 9352
9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521, 9524,
9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546, 9547
9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587, 9588
9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701, 9704,
9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756, 9757,
9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817, 9820

9821, 9822, 9825, 9831, 9835, 9839

9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9898,
9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027, 14318,
15591, 15592, 15593, 18696, 19949, 19950, 19951,

AB53G*

Don-0, Ey15-2, ICE134, ICE169, ICE173, ICE181, ICE212, ICE213, ICE226, ICE228, Ped-0,
Qui-0, Sha, Xan-1,

Ce91T*

932, 6908, 9503, 9921,

G692T*

9670, 9672,

G712A*

9686

G718A

5349, 7282, 9717, 9768, 9790, 9793,

T756G*

Don-0, Ped-0, Qui-0,
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G820C

139, 350, 351, 430, 628, 772, 1062, 1063, 1158, 1166, 1254, 1257, 1317, 1552, 1829, 1925
2202, 5151, 5165,

5210, 5720, 5748, 5768, 5772, 5800, 5830, 5831, 5836, 5837, 5860, 5874, 5890, 5921, 6008
6009, 6010, 6016, 6017, 6021, 6022, 6025, 6030, 6034, 6036, 6038, 6040, 6041, 6042, 6043
6046, 6064, 6069, 6070, 6073, 6074, 6077, 6088, 6091, 6094, 6098, 6101, 6104, 6109, 6118
6122, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174,
6177, 6184, 6189, 6193, 6203, 6209, 6214, 6216, 6217, 6218, 6220, 6221, 6231, 6235, 6237
6238, 6240, 6241, 6244, 6252, 6268, 6276, 6424, 6445, 6900, 6901, 6911, 6915, 6917, 6922,
6931, 6933, 6940, 6945, 6958, 6961, 6968, 6969, 6970, 6975, 6979, 6984, 7000, 7003, 7025
7026, 7028, 7058, 7061, 7062, 7063, 7067, 7072, 7102, 7103, 7111, 7117, 7119, 7120, 7147
7164, 7169, 7177, 7183, 7192, 7217, 7218, 7223, 7244, 7250, 7255, 7258, 7273, 7298, 7305
7306, 7327, 7337, 7342, 7346, 7347, 7349, 7350, 7353, 7382, 7396, 7424, 7430, 7460, 7461,
7471, 7516, 7517, 7566, 7917, 8222, 8230, 8231, 8236, 8242, 8244, 8285, 8290, 8307, 8311
8312, 8335, 8343, 8351, 8354, 8366, 8376, 8386, 8387, 8419, 8424, 8426, 8427, 9057, 9070,

9075, 9079, 9081, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9113, 9114, 9115
9121, 9321, 9323,
9332, 9336, 939, 9343, 9352, 9371, 9386, 9388, 9399, 9404, 9405, 9407, 9408, 9427, 9433,
9437, 9442, 9452
9470, 9476, 9481, 9509, 9513, 9515, 9518, 9521, 9523, 9524, 9525, 9526, 9528, 9530, 9531
9532, 9533, 9534, 9539, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9549, 9550, 9552, 9554,
9555, 9557, 9558, 9559, 9560, 9561, 9562, 9564, 9567, 9568, 9569, 9571, 9574, 9576, 9577
9581, 9582, 9585, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9596, 9597, 9598, 9600, 9609
9622, 9626, 9627, 9628, 9630, 9638, 9644, 9664, 9665, 9676, 9677, 9678, 9684, 9685, 9686
9687, 9691, 9694, 9695, 9699, 9701, 9704, 9705, 9706, 9707, 9710, 9711, 9716, 9719, 9723,
9725, 9727, 9731, 9736, 9838, 9739, 9741, 9744, 9749, 9754, 9756, 9757, 9758, 9759, 9761,
9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9810, 9815, 9817, 9820
9821, 9822, 9825, 9831, 9832, 9835, 9837, 9838, 9839, 9840, 9844, 9845, 9846, 9848, 9851
9856, 9857, 9858, 9859, 9861, 9866, 9867, 9869, 9870,

9871, 9873, 9874, 9876, 9877, 9878, 9879, 9880, 9885, 9886, 9887, 9890, 9895, 9897, 9898
9899, 9901, 9903,
9904, 9905, 9912, 9915, 9924, 9926, 9939, 9953, 9958, 9975, 9978, 9979, 9982, 9987, 10004,
10005, 10015, 10020, 10023, 10027, 14312, 14318, 14319, 15591, 15592, 15593, 18694, 19949
19950, 19951

G928A*

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE36, ICE49, ICE63, ICE7, ICET71,
ICE79, ICE93, Istisu-1, Kastel-1, Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-
31, TueV13, Vash-1, Vie-0, WalhaesB4,
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APENDICE G — SNPs DA AOX2 DE de A. thaliana

SNPs ENCONTRADOS NO GENE AOX2 DE de 1190 ECOTIPOS DE A. thaliana, EM
QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS PADROES
DEN DUNNEN E ANTONARAKIS (2001), E A “IDCODE” DOS ECOTIPOS
MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO
SINONIMOS INDICADOS POR UM ASTERISCO (*)

SNPs Ecotipos com o SNP especificado no gene da At AOX2
C80A* 9534, 9855, 9861,
C179G* 6019
T186G* 9542

801, 915, 2171, 2317, 4958, 5023, 5104, 5353, 5486, 5726, 5741, 5748, 5768, 5772, 5779, 5811,
6138, 6180, 6897, 6898, 6907, 6909, 6915, 6938, 6940, 6945, 6958, 6979, 6981, 6982, 6984,
7000, 7008, 7031, 7036, 7062, 7064, 7067, 7117, 7119, 7120, 7158, 7164, 7192, 7199, 7202,

G224A 7208, 7218, 7244, 7255, 7276, 7296, 7314, 7337, 7343, 7344, 7347, 7383, 7384, 7387, 7415,

7418, 7419, 7430, 8243, 8290, 8297, 8312, 8337, 8366, 8420, 9111, 9408, 9470, 9529, 9551,

9574, 9649, 9655, 9663, 9698, 9699, 9701, 9713, 9717, 9718, 9722, 9761, 9774, 9777, 9805,

9806, 9807, 9828, 9830, 9835, 9837, 9908, 9909, 9910, 9911, 9912, 9914, 9929, 9938, 9965,

9566, 9983, ICE107, ICE111, ICE112, ICE29, ICE97, ICE9S,

88, 108, 139, 159, 265, 351, 403, 410, 424, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 630, 680, 681, 685, 687, 728, 742, 763, 765, 766, 768, 772,
801, 853, 854, 867, 868, 915, 932, 991, 992, 1063, 1066, 1070, 1158, 1166, 1254, 1257, 1313, 1317, 1552, 1612,1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141,
2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240, 2276, 2278, 2285, 2286, 2317, 2370, 2412, 4807, 4826, 4840, 4857, 4884, 4900, 4939, 4958, 5023, 5104, 5151,
5165, 5210, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5798,
5800, 5811, 5822, 5830, 5831, 5832, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6016,
6017, 6020, 6021, 6022, 6025, 6030, 6034, 6035, 6036, 6038, 6039, 6041, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073, 6074, 6076, 6085, 6086, 6087, 6088,
6090, 6092, 6094, 6095, 6096, 6097, 6099, 6100, 6101, 6102, 6105, 6107, 6109, 6111, 6113, 6115, 6119, 6122, 6123, 6124, 6125, 6128, 6132, 6133, 6138, 6149,
6150, 6151, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6195, 6198, 6202, 6209, 6210, 6214, 6216, 6217,
6218, 6220, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6242, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396, 6413, 6424, 6434, 6445, 6680,
6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6830, 6897, 6898, 6900, 6901, 6903, 6904, 6907, 6908, 6909, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922,
6923, 6924, 6926, 6927, 6929, 6931, 6932, 6933, 6938, 6940, 6944, 6945, 6951, 6956, 6957, 6958, 6959, 6960, 6963, 6966, 6967, 6968, 6969, 6970, 6971, 6973,
6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6992, 7000, 7002, 7003, 7008, 7013, 7025, 7026, 7028, 7031, 7033, 7036, 7058, 7061, 7062, 7063,
7064, 7067, 7068, 7071, 7072, 7077, 7081, 7094, 7096, 7103, 7106, 7107, 7109, 7111, 7117, 7119, 7120, 7125, 7126, 7130, 7133, 7138, 7147, 7158, 7160, 7161,
7162, 7163, 7164, 7165, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208, 7209, 7213, 7218, 7223, 7231, 7236, 7244, 7248, 7255, 7258, 7268,
7273, 7276, 7280, 7287, 7288, 7296, 7298, 7305, 7307, 7314, 7319, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7342, 7343, 7344, 7346, 7347, 7349, 7350, 7354,
7358, 7359, 7372, 7373, 7377, 7378, 7382, 7383, 7384, 7387, 7394, 7396, 7404, 7411, 7413, 7415, 7416, 7417, 7418, 7419, 7424, 7427, 7430, 7460, 7461, 7471,
7475, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7523, 7566, 7568, 7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8222, 8227, 8231, 8233, 8234, 8235,
8236, 8238, 8239, 8241, 8242, 8243, 8244, 8246, 8256, 8264, 8283, 8284, 8285, 8290, 8297, 8306, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8354, 8357,
8365, 8366, 8376, 8386, 8387, 8419, 8420, 8422, 8424, 8426, 8427, 8464, 8483, 8699, 8723, 9027, 9057, 9058, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084,
9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9121, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9314, 9321, 9323,
C227T* 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9402, 9404, 9405, 9407, 9408, 9412,
9413, 9416, 9427, 9433, 9436, 9442, 9451, 9452, 9470, 9476, 9481, 9503, 9506, 9507, 9508, 9509, 9510, 9511, 9512, 9513, 9514, 9515, 9517, 9518, 9519,
9520, 9521, 9522, 9523, 9524, 9525, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9536, 9537, 9539, 9540, 9541, 9542, 9543, 9544, 9545,
9546, 9547, 9548, 9549, 9550, 9551, 9552, 9553, 9554, 9555, 9556, 9557, 9558, 9559, 9561, 9562, 9564, 9568, 9569, 9573, 9574, 9576, 9577, 9578, 9579,
9581, 9582, 9583, 9584, 9586, 9587, 9588, 9589, 9592, 9593, 9594, 9595, 9596, 9597, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9608, 9609, 9610, 9611,
9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639,
9640, 9641, 9642, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668,
9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696,
9697, 9698, 9699, 9700, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709, 9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9721, 9722, 9723,
9725, 9726, 9727, 9728, 9729, 9730, 9731, 9732, 9733, 9735, 9736, 9737, 9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757,
9758, 9759, 9761, 9762, 9764, 9766, 9768, 9769, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9783, 9784, 9785, 9786, 9787,
9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795, 9796, 9797, 9798, 9799, 9800, 9801, 9802, 9803, 9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812,
9813, 9814, 9815, 9816, 9817, 9819, 9820, 9822, 9823, 9824, 9825, 9826, 9828, 9830, 9832, 9833, 9834, 9835, 9836, 9837, 9839, 9840, 9841, 9843, 9844,
9845, 9846, 9848, 9849, 9850, 9851, 9852, 9855, 9856, 9857, 9859, 9860, 9861, 9862, 9864, 9866, 9867, 9868, 9869, 9870, 9871, 9873, 9874, 9876, 9877,
9878, 9879, 9881, 9882, 9883, 9885, 9886, 9887, 9888, 9890, 9891, 9892, 9897, 9898, 9899, 9900, 9901, 9902, 9903, 9904, 9905, 9906, 9908, 9909, 9910,
9911, 9912, 9914, 9915, 9918, 9921, 9925, 9926, 9927, 9928, 9929, 9930, 9932, 9933, 9935, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957, 9958,
9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986,
9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10020, 10022, 10023, 10027, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591,
15592, 15593, 18694, 18696, 19949, 19950, 19951, Agu-1, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Don-0, Ey15-2, HKT2, ICE1, ICE102, ICE104, ICE106,
ICE107, ICE111, ICE112, ICE119, ICE120, ICE127, ICE130, ICE134, ICE138, ICE50, ICE52, ICE5S3, ICE163, ICE169, ICE173, ICE181, ICE21, ICE212,
ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE49, ICE50, ICE60, ICE61, ICEG3, ICE7, ICE70, ICE71, ICE72, ICE73, ICE75, ICE79, ICE91,
ICE92, ICE93, ICE97, ICE98, Istisu-1, Kastel-1, Koch-1, Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8,
TueSB30-3, TueV13, TueWa-2, Vash-1, Vie-0, WalhaesB4, Xan-1, Yeg-1,
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350, 870, 997, 1002, 1006, 1061, 1062, 1829, 4779, 5784, 5836, 6019, 6023, 6024, 6040, 6077,
6091, 6098, 6104, 6106, 6108, 6112, 6114, 6118, 6126, 6131, 6134, 6136, 6137, 6140, 6141, 6142,
. |6145, 6148, 6194, 6201, 6203, 6943, 6961, 6974, 6997, 7014, 7092, 7102, 7127, 7143, 7217, 7250,
A242T* 7982 7306, 7316, 7320, 7353, 7356, 7525, 7529, 7530, 8171, 8214, 8230, 8237, 8240, 8247, 8249,
8258, 8259, 8335, 8369, 9312, 9380, 9395, 9399, 9409, 9421, 9437, 9450, 9453, 9454, 9455, 9471,
9560, 9565, 9567, 9571, 9585, 9590, 9591, 9821, 9827, 9831, 9838, 9847, 9853, 9854, 9858, 9875,
9880, 9894, 9895, 9917, 9920, 9924, Fei-0, Tuescha,

T266G* 7207

801, 915, 4958, 5104, 5353, 5486, 5726, 5741, 5748, 5757, 5768, 5772, 5779, 5811, 6138, 6180,
6897, 9898,
6907, 6909, 6938, 6940, 6945, 6958, 6979, 6981, 6984, 7000, 7031, 7036, 7064, 7067, 7117,
7119, 7120, 7158, 7161, 7164, 7192, 7199, 7202, 7208, 7244, 7255, 7314, 7337, 7343, 7344,

G384C 7347, 7383, 7387, 7415, 7418, 7419, 7430, 7477, 8243, 8290, 8297, 8312, 8337, 8366, 9111,
9470, 9529, 9551, 9574, 9649, 9655, 9663, 9698, 9699, 9701, 9713, 9717, 9718, 9722, 9774,
9777, 9806, 9807, 9828, 9830, 9835, 9837, 9908, 9909, 9910, 9911, 9914, 9929, 9938, 9965,
9966, 9983, 9985, ICE107, ICE111, ICE112, ICE29, ICE97, ICE98,
C456G 6956, 6957, 9644, 9739, 9930,

5165, 5210, 6424, 7319, 9067, 9079, 9081, 9084, 9085, 9089, 9091, 9099, 9530, 9535, 9646,
A457G* 9647, 9660, 9661,
9716, 9726, 9873, 9891, 9906, ICE120, Istisu-1, Xan-1,

A516C* 9653
A552C 6019, 6974, 9421,
Ab68G Cdm-0, Mer-6,

410, 428, 763, 765, 766, 768, 772,991, 992, 1070, 1158, 1313, 1890, 1925, 1954, 2016, 5837
5865, 5867, 6008, 6009, 6011, 6012, 6016, 6017, 6021, 6041, 6042, 6073, 6087, 6096, 6097
6099, 6111, 6119, 6188, 6189, 6192, 6193, 6195, 6198, 6214, 6216, 6217, 6242, 6243, 6252,
6255, 6268, 6276, 6296, 6390, 6413, 6434, 6830, 6903, 6917, 6918, 6929, 6931, 6932, 6963,
6975, 6976, 6987, 7068, 7072, 7077, 7096, 7106, 7177, 7183, 7209, 7213, 7231, 7236, 7258
7323, 7346, 7349, 7350, 7354, 7372, 7373, 7378, 7382, 7394, 7396, 7413, 7471, 7516, 7517
8222, 8231, 8236, 8241, 8283, 8343, 8354, 8365, 8386, 8419, 8424, 9057, 9069, 9070, 9075
9078, 9095, 9100, 9102, 9104, 9105, 9114, 9115, 9121, 9125, 9128, 9130, 9131, 9133, 9134,
T581C* | 9339, 9352, 9353, 9369, 9370, 9381, 9382, 9383, 9402, 9412, 9413, 9442, 9476, 9507, 9510,
9511, 9512, 9514, 9519, 9522, 9537, 9541, 9544, 9578, 9587, 9589, 9597, 9607, 9608, 9609,
9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627
9628, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9651
9657, 9659, 9691, 9694, 9695, 9696, 9697, 9703, 9704, 9705, 9706, 9708, 9710, 9711, 9721
9728, 9729, 9730, 9735, 9737, 9738, 9744, 9745, 9755, 9756, 9757, 9758, 9759, 9778, 9782
9785, 9793, 9796, 9800, 9813, 9819, 9846, 9860, 9874, 9883, 9900, 9903, 9915, 9918, 9951
9952, 9955, 9956, 9960, 9962, 9974, 9975, 9980, 9986, 10008, 10009, 10010, 10015, 10018
10022, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15590, 15591, 15592, 15593,
18694, 18696

T585G 6085, 6951, 6956, 9644, 9739, 9930,
A596T* 9719
C599T* 430

T618C ICE134, Lag2,
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T632C*

Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, ICE102, ICE127, ICE130, ICE138, ICE150, ICE152,
ICE153, ICE21,
ICE212, ICE213, ICE33, ICE36, ICE60, ICE61, ICE63, ICE70, ICE72, ICE73, ICET75, ICE91,
ICE93, Kastel-1, Koch-1, Mer-6, Nemrut-1, Niel-2, Sha, Star-8, TueSB30-3, Vash-1, Yeg-1,

Cr00T*

424, 1254, 1257, 5830, 5890, 5921, 5950, 5993, 6090, 6284, 6445, 7003, 7025, 7103, 7126,
7186, 7207, 7268,
7273, 7298, 7411, 7460, 7514, 7521, 7523, 7566, 8227, 8235, 8387, 9390, 9391, 9392, 9451,
9452, 9645, 9664, 9665, 9667, 9668, 9670, 9676, 9677, 9678, 9684, 9685, 9686, 9687, 9689,
9690, 9692, 9693, 9727, 9769, 9770, 9771, 9772, 9776, 9779, 9781, 9783, 9784, 9786, 9787,
9788, 9789, 9791, 9792, 9794, 9795, 9797, 9798, 9799, 9801, 9802, 9803, 9808, 9814, 9815,
9933, 9973, 9979, 10027, 19949, 19950, 19951, Ey15-2, ICE163, ICE181, ICE79, WalhaesB4,

T719C*

9841

AB21G*

350, 628, 630, 870, 932, 997, 1002, 1006, 1061, 1062, 1829, 1835, 1851, 4779, 4807, 4826
5784, 5836, 6019
6023, 6024, 6040, 6077, 6098, 6104, 6106, 6108, 6112, 6114, 6118, 6125, 6126, 6131, 6134,
6136, 6137, 6140, 6141, 6142, 6145, 6148, 6194, 6201, 6203, 6904, 6908, 6926, 6943, 6959
6974, 6992, 6997, 7013, 7014, 7092, 7102, 7127, 7130, 7143, 7169, 7217, 7250, 7282, 7306,
7307, 7316, 7320, 7332, 7353, 7356, 7525, 7529, 7530, 8171, 8214, 8230, 8237, 8240, 8247
8249, 8258, 8259, 8334, 8335, 8369, 9312, 9380, 9395, 9399, 9409, 9421, 9437, 9453, 9454,
9455, 9471, 9560, 9565, 9567, 9569, 9571, 9579, 9585, 9590, 9591, 9596, 9709, 9821, 9827,
9831, 9838, 9847, 9853, 9854, 9875, 9880, 9881, 9895, 9912, 9917, 9920, 9921, 9924, Fei-0,
Tuescha9, TueWal-

2’

A822T

9651

AB62C*

9548, 9824,

C1045T*

9069, 9070, 9075, 9078, 9095, Vash-1,




APENDICE H — SNPs DA AOX1a DE O. sativa
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SNPs ENCONTRADOS NO GENE AOX1la DE de 90 ECOTIPOS DE O. sativa, EM
QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS PADROES
DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS ECOTIPOS MUTANTES

ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO SINONIMOS

INDICADOS POR UM ASTERISCO (*)

SNPs Ecdétipos com o SNP especificado no gene Os_ AOX1a
T36G Issamo, TOS7564,
AB1C* Toboshi, NeangPhton,
AT3G* Kazalath, Dyaniul,
T112G* TOS7564, Hakphaynha,
A120G* DenPaozZha, Hakphaynha, Basmati217,
Al126G* Basilanon, Basmati217,
T143G* UryBoota, CicihBeton, Lac23,
T151G* UryBoota, CicihBeton, Moritawase,
T163G* FR13A, Jene035, Basmati217, Moritawase,
T172G* Pokkali, FR13A,
G213T* Dinolores, Malagkit, Moroberekan, CicihBeton, CaneladeFerro, BicoBranco, 63N104,
Lac23, PadiPerak, Kahei, Masho, Phulba,
C258G Issamo, TOS7564,
G289A* Aswina, FR13A, Rathuwee, Jhona345, NP125, Hasawi, Kasalath, MUHA, BadariDhan,
AnjanaDhan,
T313C* NeangPhton, Basmati217,
G366A PanTouNHang, Naba,
T459C Moroberekan, LinJiang, CaneladeFerro, CHAHORA144,
C462G Moroberekan, LinJiang, CaneladeFerro,
C525G Issamo, Moroberekan, LinJiang, Karasukara, CicihBeton, NP125,
C537G Issamo, Moroberekan, LinJiang, NP125, Basmati217,
G543C Dinolores, LinJiang, Karasukara, SanaChur,
G555C* Dinolores, SonaChur,
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A574G* Issamo, Moroberekan,

A574C* MacanBinundok, Moritawase,

C660T Issamo, TOS7564,

G676C* DholaAman, MUHA, Basilanon,

G702C Karasukara, DholaAman, JC93, IR58, Basilanon, DengPaoZha, Phulba,

T705C Issamo, Karasukara, DholaAman, JC93, TOS7564, IR58, Basilanon, DengPaoZha, Phulba,

C711T Issamo, TOS7564,

C712G* Issamo, TOS7564,

Malagkit, Karasukara, DholaAman, JC93, Sintane, PANKAHARI203, IR58, Basilanon,

T724C* DengPaoZha,
QiuZaoZhon, Phulba,

G771C* Malagkit, Karasukara, DholaAman, JC93, PANKAHARI203, ChitrajDA23, IR58, Naba,

Basilanon, DengPaoZha, Basmati217, Phulba,
T782A% Malagkit, Karasukara, DholaAman, JC93, PANKAHARI203, ChitrajDA23, IR58, Naba,
Basilanon, DengPaoZha, Basmati217, Phulba,

C793A* Malagkit, Karasukara, DholaAman, JC93, ChitrajDA23, PSBRC1, IR58, Naba,
DengPaoZha, Phulba,

C813G* Malagkit, IR29, QuiZaoZhon, NP125,

T822C DholaAman, JC93, IR58,

C825A DholaAman, IR58,

G829C* DholaAman, JC93, IR58,

C855T Issamo, TOS7564,

C930T PanTouNHang, Naba, DengPaoZha, QuiZaoZhon, Davaol, Kemasin, Jene035,

NeangPhton,




APENDICE I — SNPs DA AOX1c DE O. sativa
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SNPs ENCONTRADOS NO GENE AOX1c DE de 90 ECOTIPOS DE O. sativa, EM
QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS PADROES
DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS ECOTIPOS MUTANTES

ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO SINONIMOS

INDICADOS POR UM ASTERISCO (*)

SNPs Ec6tipos com 0 SNP especificado no gene Os_ AOX1c
T29C* ARC7229, PANKHARI203,
T32C* Sintane, PANKHARI203,
A38C* PANKHARI203, BadariDhan,
AB4C* PSBRC1, Rayada,
G109C* Toboshi, Davaol,
A120G Toboshi, Davao, FR13A,
C126G Toboshi, Dianyul,
T128G* FL478, Toboshi, Davao, FR13A, Jene035,
C140G* FR13A, Dianyul,
MTU9, Gumpangar, CO18, IR29, MacanBinundok, Rathuwee, JC93, PaNTouNHung,
C150A* |Sintane, FL478, IR58, P660,
Bleiyo, Toboshi, Davaol, Vandaran, Kemasin, NeangPhton,
T157C* SiAdulo, ChitrajDA23,
G160C* SiAdulo, ChitrajDA23,
G166C* SiAdulo, ChitrajDA23,
MTU9, TakSiah, Gumpangar, SiAdulo, CO18, IR29, IR6421, MacanBinundok, JC148,
DholaAman, Rathuwee,
G168C JC93, JCI1, Pokkali, SinnaSithiraKali, PaNTouNHung, Sintane, ChitrajDA23, FL478,
IR58, P660, Hasawi, Naba, DengPaoZha, Bleiyo, Toboshi, Davaol, Vandaran, Kemasin,
NeangPhton, Hakphaynha, Nivara,
Al181G* Issamo, TOS7564,
A200C* Vandaran, Jene035,
C210T Issamo, TOS7564,
T346G* MUHA, Hakphaynha,
T398G* LinJinag, CHAHORA144,




G466A* IR6421, JC148, Pokkali, Hasawi,
C498T Issamo, TOS7564,
GbH53A* BicoBranco, Rayada,
G573C Gumpangar, KunNMin, IR29, Swarna, SonaChur,
G576C Gumpangar, Issamo, KunNMin, IR29, Swarna, Sintane, QiuZaoZhan,
G5H81A* MacanBinundok, TOS7564, BicoBranco, Basilanon,
C582G Issamo, Sintane, PANKHARI203, ChitrajDA23, Naba, Moritawaseu,
C585G PANKHARI203, Naba,
C594G* Gumpangar, Issamo, IR29, Sintane, Naba, QiuZaoZhon, Jene035,
C597T SonaChur, Dianyul,
G602A* JC149, TOS7564, DengPaoZha, Toboshi,

TakSiah, Dinolores, CO18, Swarna, Moroberekan, Shinchiku, MacanBinundok, JC149,

Pokkali, TOS7564,

C609A | SonaChur, ChitrajDA23, BicoBranco, PSBRC1, P660, CHAHORA144, 63N104, Naba,

Basilanon, DengPaoZha,

Bieiyo, Dianyul, HUNLONTao,
G611A* CO18, Moroberekan, Pokkali, PSBRC1, Basilanon,
C612G PANKHARI203, Kasalath,
C619T Karasukara, Naba, Kemasin, Moritawaseu,
G621A | CO18, Moroberekan, SonaChur, ChitrajDA23, Naba, Kemasin, Hayada, HUNLoNTao,
Moritawaseu,
AB34C* NP125, Rayada,
C646G* Tadukan, NeangPhton,
C649A Dinolores, NeangPhton,
C651G IR29, Shinchiku, DholaAman, Sintane, PANKHARI203, Kasalath, FR13A,
C657G PANKHARI203, Kasalath,
C660T JCI91, Rayada,
A661C* IR29, FR13A
T668C* | CO18, ARC7229, SinnaSithiraKali, SonaChur, C9285, PadiPerak, Basmati217, Akage,
C672G [IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMAL1105, AnjanaDhan,
NeangPhton,

G675C* |IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,

NeangPhton,
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G678A

IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
NeangPhton,

G680A*

IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
NeangPhton,

G694A*

MTU9, UryeeBoota, TakSiah, Dinolores, SiAdulo, Issamo, CO18, Malagkit,
ARC7229, Aswina, Swarna,
Moroberekan, LinJiang, IR6421, FR13A, Gompa, MacanBinundok, Nabeshi,
Karasukara, JC148, JC149,
Rathuwee, JC91, Pokkali, CicihBeton, TOS7564, SinnaSithiraKali, PaNTouNHung,
SonaChur, ChitrajDA23,
Jhona349, Tadukan, NonaBroka, FL478, BicoBranco, PSBRC1, IR58, Binulawan, P660,
CHAHORA144, 63N104,
LAC23, Hasawi, Kasalath, C9285, Naba, Basilanon, DengPaoZha, QiuZaoZhon,
Bleiyo, Kemasin, BadariDhan, PadiPerak, Kahei, Basmati217, Akage, Moritawasep,
SHINRIKIMO, HuNLoNTao, Moritawaseu,

G696C

IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
FR13A, NeangPhton, Moritawaseu,

C699T

Issamo, Gompa2, FL478, Davaol, Rayada, Jene035, Nipponbare,

G706A*

IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
NeangPhton,

G709A*

CO18, ARC7229, SinnaSithiraKali, FL478,

T710A*

Rathuwee, TOS7564, Bleiyo,

G715C*

MTU9, UryeeBoota, TakSiah, Dinolores, Issamo, CO18, Malagkit, KuNMin,
ARC7229, Aswina, Swarna,
Moroberekan, LinJiang, IR6421, FR13A, Gompa, MacanBinundok, Nabeshi,
Karasukara, JC148, JC149,
Rathuwee, JC93, JCI1, Pokkali, CicihBeton, TOS7564, SinnaSithiraKali,
PaNTouNHung, SonaChur,
ChitrajDA23, Jhona349, Tadukan, NonaBroka, FL478, BicoBranco, NP125, Keritin,
MUHA, Binulawan, P660,
CHAHORA144, 63N104, LAC23, Hasawi, Kasalath, C9285, Naba, Basilanon,
DengPaoZha, QiuZaoZhon, Bleiyo,
Kemasin, BadariDhan, PadiPerak, Masho, Hakphaynha, Rayada, Jene035, Kahei,
Basmati217, Akage, Moritawasep, SHINRIKIMO, HuNLoNTao, Moritawaseu,

G730A*

UryeeBoota, Issamo, IR29, JC93, SinnaSithiraKali, FL478, FR13A

CT739A*

JC93, SinnaSithiraKali, ChitrajDA23, FL478, FR13A,

C741G

Dinolores, KunNMinNT, DholaAman, NP125, AnjanaDhan, NeangPhton,

G742A*

CicihBeton, Naba, Bleiyo,

C744T1

Dinolores, KunNMinNT, DholaAman, AnjanaDhan, NeangPhton,
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MTU9, UryeeBoota, TakSiah, Gumpangar, Dinolores, SiAdulo, Issamo, CO18,
Malagkit, KuNMin, IR29,

ARC7229, Aswina, Swarna, Moroberekan, LinJiang, IR6421, FR13A, Shinchiku,

Gompa2, MacanBinundok, Nabeshi, Karasukara, JC149, DholaAman, Rathuwee, JC93,

JCI91, Pokkali, CicihBeton, TOS7564, SinnaSithiraKali, PaNTouNHung, SonaChur,
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G753C Sintane, PANKAHARI203, ChitrajDA23, Jhona349, Tadukan, NonaBroka, FL478,
BicoBranco, NP125, PSBRC1, IR58, KHAODAW, Keriting, MUHA, P660,
CHAHORA144, 63N104, LAC23, Hasawi, C9285, Naba, Basilanon, DengPaoZha,
QiuZaoZhon, Bleiyo, Toboshi, Davaol, Vandaran, Kemasin, BadariDhan,
AnjanaDhan, NeangPhton, PadiPerak, Masho, Hakphaynha, Rayada, Kahei,
Basmati217, Akage, Moritawasep, SHINRIKIMO, Nivara, Moritawaseu,
C763T Dinolores, DholaAman, AnjanaDhan, NeangPhton,
T779C Shinchiku, Rayada,
G793A Moroberekan, Nabeshi, 63N104, C9285, SHINRIKIMO,
T808C Shinchiku, JC149, Rathuwee, SinnaSithiraKali, NP125, MUHA, Toboshi,
Moritawaseu,
MTU9, UryeeBoota, Moroberekan, IR6421, MacanBinundok, Nabeshi, Pokkali, IR58,
G817A 63N104, Naba, Davaol,
SHINRIKIMO,
UryeeBoota, Moroberekan, IR6421, MacanBinundok, Pokkali, CicihBeton, IR58,
T833A 63N104, C9285, Davaol,
BadariDhan, Kahei, SHINRIKIMO,
G841A NP125, Hasawi, MUHA, Toboshi,
G852C* LinJiang, FR13A, Rayada,
Dinolores, IR6421, MacanBinundok, Pokkali, PANKHARI203, IR58, Davaol,
C861T*
Rayada, Jene035, Kahei, Phulba,
Gumpangar, Aswina, Rathuwee, CicihBeton, FL478, BicoBranco, PSBRCL,
G864A KHAODAW, Hasawi, MUHA,
NeangPhton, SHINRIKIMO,
C865T* Dinolores, Kahei, Phulba,
C879T FL478, Keriting, MUHA, NeangPhton,
G890A Aswina, Rathuwee, FL478, KHAODAW, NeangPhton,
MTU9, TakSiah, Gumpangar, Dinolores, KUNMin, IR29, ARC7229, Aswina, Swarna,
LinJiang, Shinchiku,
Gompa2, MacanBinundok, Karasukara, DholaAman, JC91, TOS7564,
SinnaSithiraKali, PaANTouNHung, Sintane,
C891G* PANKHARI203, ChitrajDA23, Jhona349, Tadukan, Amarelo, FL478, IR58,
KHAODAW, Binulawan,
CHAHORA144, LAC23, Keriting, Hasawi, Naba, Basilanon, BadariDhan, Rayada,
NeangPhton, Kahei, Basmati217, Moritawasep, SHINRIKIMO, Dianyul,
HuNLoNTao, Nipponbare, Phulba,
G898A Gumpangar, PaNTouNHung, KHAODAW,




G925A Rathuwee, CicihBeton, NonaBroka, KHAODAW,
G928A Gumpangar, KuNMin, DholaAman, JC93, Pokkali, ChitrajDA23, FL478, NP125,
IR58, Naba,
G935A Gumpangar, KuNMin, DholaAman, JC93, Pokkali, ChitrajDA23, FL478, NP125,
PSBRC1, IR58,
G940A MTU9, UryeeBoota, TakSiah, Moroberekan, LinJiang, CHAHORAZ144, BadariDhan,
Nipponbare,
MTU9, Gumpangar, KuNMin, ARC7229, Swarna, LinJiang, JC148, ChitrajDA23,
AQI8G Amarelo, IR58, KHAODAW,
CHAHORA144, Kemasin, Kahei, Moritawasep, SHINRIKIMO, Dianyul,
Nipponbare,
KuNMin, ARC7229, Swarna, LinJiang, JC148, Amarelo, IR58, KHAODAW,
C969T CHAHORA144, Kemasin, Kahei,
Moritawasep, SHINRIKIMO, Nipponbare,
TakSiah, KuNMin, ARC7229, Moroberekan, LinJiang, MacanBinundok, DholaAman,
G975A JC93, Pokkali, Amarelo,

FL478, NP125, CHAHORAZ144, Kemasin, BadariDhan, SHINRIKIMO, Nipponbare,
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APENDICE J - SNPs DA AOX1d DE O. sativa

SNPs ENCONTRADOS NO GENE AOX1d DE de 90 ECOTIPOS DE O. sativa, EM
QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS PADROES
DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS ECOTIPOS MUTANTES

ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO SINONIMOS
INDICADOS POR UM ASTERISCO (*)

SNPs Ecotipos com o SNP especificado no gene Os_ AOX1d
T56C* SiAdulo, Malagkit, Hasawi, Rayada,
C63G Basilanon, Rayada,

AT4C* Rayada, NeangPhton, Moritawaseu,
G163C* AnjanaDhan, Hakphaynha,
Al77C* AnjanaDhan, Dianyul,
C202A* Issamo, TOS7564,

C218G DengPaoZha, Rayada, Dianyul,
A233C Rayada, Hakphaynha,
A418G* Jene035, NeangPhton,

T422G* Hasawi, Hakphaynha, Dianyul, Moritawaseu,
T427G* Hakphaynha, Moritawaseu,
T431C* Hakphaynha, Moritawaseu,

C552T Issamo, TOS7564,

T574C* FR13A, Moritawaseu,

T587C* FR13A, Moritawaseu,

AB02G* FR13A, Jene035,

C627G Issamo, TOS7564,

A648C Issamo, TOS7564,

A791C* ARC7229, CHAHORA144,




APENDICE K — SNPs DA AOX1e DE O. sativa
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SNPs ENCONTRADOS NO GENE AOX1e DE de 90 ECOTIPOS DE O. sativa, EM
QUE A MODIFICACAO E INDICADA NA COLUNA 1, SEGUINDO OS PADROES
DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS ECOTIPOS MUTANTES

ESTAO INDICADOS NA COLUNA 2, COM OS SNPS NAO SINONIMOS

INDICADOS POR UM ASTERISCO (*)

SNPs Ecotipos com o SNP especificado no gene Os_ AOX1e
T27C* Shinchiku, Sintane,
G39C Shinchiku, Sintane,
T71G* KuNMuin, Shinchiku, DholaAman, Dianyul,
C81G Shinchiku, NonaBroka,
T88C* Shinchiku, Jhona349, Keriting,
T95G* Jhona349, Keriting, SHINRIKIMO,
T116G* Rathuwee, Keriting,
UryeeBoota, Gumpangar, SiAdulo, CO18, KuNMin, IR29, Aswina, Swarna, IR6421,
MacanBinundok, JC148,
G122A* Rathuwee, JC91, Pokkali, SinnaSithiraKali, Jhona349, Tadukan, NonaBroka, FL478,
PSBRC1, IR58, KHAODAW, P660, Keriting, Hasawi, Vandaran, Kemasin,
BadariDhan, PadiPerak, Nivara,
T149G* SiAdulo, CO18, Moroberekan, CaneladeFerro,
G173C* C018, Dianyul,
T175C* C018, JC149, CaneladeFerro, LAC23, SHINRIKIMO, Dianyul,
T194G* CO018, Rathuwee, CaneladeFerro, KHAODAW, LAC23, AnjanaDhan, NeangPhton,
Dianyul,
C198G Tadukan, AnjanaDhan, Dianyul,
T201G Tadukan, PSBRC1,
T209G* Tadukan, Keriting,
A211G* CaneladeFerro, C9285,
A252G Issamo, TOS7564, Jene035,
C269A* DholaAman, HuNLontAO,
A309G Issamo, TOS7564, DengPaoZha, NeangPhton,
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T320G* SinnaSithiraKali, AnjanaDhan,

T322G* Jhona349, DengPaoZha,

T328G* Aswina, Jhona349, Rayada,

T331G* SinnaSithiraKali, Jhona349,

C533G* SiAdulo, Jhona349, PSBRC1, Jene035,
T549C SiAdulo, Issamo, TOS7564, Jhona349, PSBRC1, Jene035,
T555G SiAdulo, Jhona349, PSBRC1, Jene035,
G561C MTU9, UryeeBoota, SiAdulo, CO18, FR13A, JC148, Jhona349, PSBRC1, Jene035,
G564C SiAdulo, Jhona349, Jene035,

G567C SiAdulo, Jhona349, PSBRC1, Jene035,
T586G* Dinolores, Nabeshi,

G633A Issamo, TOS7564, Jene035,

G633C Jhona349, Bleiyo,

G639C Jhona349, Bleiyo,

A716C* ChitrajDA23, NonaBroka,

AT728C* JC149, NonaBroka,

T741C PANKHARI203, Naba, Phulba,

T746C* CaneladeFerro, PANKHARI203,

ATB7C* PaNTouNHung, PANKHARI203, Naba, QuiZaoZhon,
AT73G* IR6421, PaNTouNHung, Naba, QuiZaoZhon, FR13A,
AT76G* PaNTouNHung, Naba, QuiZaozZhon,
T785G* Davaol, Jene035,

C843T KuNMin, Malagkit,

C849G KuNMin, Malagkit,

AB66C* ARC7229, 63N104, Bleiyo,

T875C* KuNMin, ARC7229, NeangPhton,

G880C* QiuZaoZhon, NeangPhton,

G896C* JC93, Rayada, Phulba,

A899C* CicihBeton, MUHA,

T902C* CicihBeton, FR13A, Rayada,
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A907C*

QiuZaoZhon, Rayada,

A923C*

QiuZaoZhon, Hakphaynha,

T978G

Issamo, TOS7564, Jene035,
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APENDICE L — SAPs DA AOX1a DE A. thaliana

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1a DE de 1190
ECOTIPOS DE A. thaliana, EM QUE A MODIFICACAO E INDICADA NA COLUNA
1, SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A
“IDCODE” DOS ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2,
COM OS SAPs QUE MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecdtipos com a modificagdo de AA especificada na proteina da At_AOX1a

M2l 7344, 8312,

7394, 7333,7322, 6911, 6244, 6202, 6194, 6189, 6016, 8238, 8284, 9382, 9413, 9520, 9525,
9540, 9567, 9583,
9587, 9670, 9676, 9677, 9678, 9686, 9713, 9723, 9757, 9764, 9844, 9856, 9870, 9886, 9930,
9978, 9987, 14312, 14313, 14314, 14315, 15560, 18694, Don-0, ICE226, ICE228, ICE7,

A8T*

88, 265, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 763, 765, 766, 768, 772, 801, 853, 854, 867, 868,
870, 915, 932, 992, 997,
1002, 1063, 1066, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852,
1853, 1890, 1925, 1942,
1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2191, 2202, 2212, 2239, 2240, 2285, 2286, 2370,
2412, 4779, 4807, 4826,
4958, 5104, 5151, 5210, 5349, 5486, 5644, 5741, 5757, 5768, 5779, 5811, 5830, 5831, 5837, 5865, 5893, 6009, 6010, 6013, 6016, 6019,
6021, 6022, 6025, 6030,
6034, 6039, 6041, 6071, 6073, 6085, 6088, 6094, 6095, 6097, 6098, 6099, 6100, 6102, 6105, 6106, 6108, 6111, 6123, 6126, 6133, 6138,
6169, 6172, 6173, 6174,
6189, 6192, 6194, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6220, 6221, 6235, 6243, 6244, 6390, 6434, 6680, 6739, 6740, 6749, 6750,
6805, 6806, 6814, 6830,
6903, 6907, 6908, 6911, 6913, 6917, 6919, 6920, 6922, 6923, 6926, 6927, 6929, 6931, 6932, 6938, 6945, 6951, 6957, 6963, 6967, 6969,
6975, 6979, 6981, 6987,
6990, 6992, 7002, 7013, 7014, 7025, 7031, 7033, 7036, 7067, 7071, 7072, 7077, 7096, 7102, 7106, 7111, 7117, 7120, 7126, 7127, 7138,
7143, 7147, 7158, 7162,
7165, 7169, 7183, 7186, 7202, 7209, 7213, 7231, 7244, 7248, 7258, 7268, 7273, 7276, 7280, 7288, 7296, 7306, 7314, 7316, 7322, 7323,
7332, 7337, 7342, 7346,
7349, 7350, 7353, 7356, 7358, 7359, 7372, 7377, 7394, 7404, 7413, 7418, 7424, 7461, 7475, 7477, 7520, 7521, 7566, 7568, 7717, 7757,
7767, 7917, 8037, 8057,
V16M 8077, 8312, 8132, 8171, 8214, 8222, 8231, 8233, 8234, 8235, 8236, 8238, 8239, 8241, 8242, 8243, 8246, 8256, 8258, 8259,
8284, 8285, 8290, 8297,
8307, 8311, 8326, 8334, 8365, 8386, 8419, 8420, 8422, 8424, 8426, 8427, 8464, 8483, 8699, 8723, 9057, 9058, 9075, 9078,
9079, 9084, 9085, 9091,
9125, 9131, 9133, 9134, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9371, 9381, 9382, 9383, 9388,
9395, 9399, 9404, 9405,
9407, 9409, 9412, 9413, 9421, 9427, 9436, 9437, 9451, 9452, 9517, 9518, 9520, 9523, 9525, 9527, 9535, 9540, 9552, 9558,
9561, 9567, 9569, 9571,
9583, 9584, 9590, 9591, 9592, 9599, 9601, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621,
9622, 9624, 9625, 9626, 9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642,
9643, 9644, 9646, 9649, 9653, 9656, 9658, 9660, 9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9686,
9689, 9690, 9691, 9692, 9693, 9697, 9698, 9701, 9704, 9705, 9706, 9707, 9708, 9709, 9711, 9713, 9716, 9717, 9718, 9721,
9722, 9723, 9725, 9726, 9727, 9730, 9731, 9732, 9733, 9735, 9737, 9738, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754,
9755, 9756, 9757, 9758, 9764, 9766, 9768, 9769, 9770, 9771, 9776, 9777, 9778, 9779, 9782, 9783, 9784, 9785, 9786, 9787,
9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795, 9796, 9797, 9798, 9800, 9801, 9802, 9803, 9805, 9806, 9807, 9808, 9810,
9812, 9813, 9814, 9815, 9816, 9822, 9823, 9827, 9828, 9838, 9840, 9843, 9847, 9851, 9852, 9853, 9854, 9855, 9856, 9857,
9858, 9860, 9861, 9862, 9869, 9870, 9875, 9877, 9883, 9886, 9894, 9898, 9899, 9912, 9915, 9918, 9921, 9925, 9926, 9927,
9929, 9930, 9953, 9955, 9957, 9958, 9959, 9960, 9973, 9978, 9979, 9987, 10005, 10008, 10009, 10010, 10020, 10022, 10023,
14312, 14313, 14314, 14315, 14318, 14319, 15560, 18694, 18696, Del-10, Don-0, Ey15-2, HKT2, ICE106, ICE127, ICE130,
ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE181, ICE21, ICE226,ICE228, ICE33, ICE60, ICEG61, ICE63, ICE70, ICET71,
ICE72, ICE73, ICET75, ICE79, Leo-1, Niel-2, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9, TueWal-2, Vash-1, Yeg-1,

7394, 7333, 7031, 6911, 6244, 6202, 6194, 6189, 6016, 8238, 9057, 9382, 9383, 9413, 9520,
V16T* 9525, 9540, 9568,
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9583, 9670, 9676, 9677, 9678, 9686, 9704, 9713, 9723, 14312, 14313, 14314, 14315, 15560,
18894, Don-0, ICE226, ICE228, ICE7,

AL7T* 7387
GI9R* 7036, 6974, 6680, 6021, 6019, 2202, 2016, 9929, 9843, 9831, 9709, 9421, 8297, 8222,
E85D Lag-2
GO5R* Ped-0
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APENDICE M - SAPs DA AOX1b DE A. thaliana

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1b DE de 1190
ECOTIPOS DE A. thaliana, EM QUE A MODIFICACAO E INDICADA NA COLUNA
1, SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A
“IDCODE” DOS ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2,
COM OS SAPs QUE MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecdtipos com a modificagdo de AA especificada na proteina da At AOX1b

R6H 9075, 9079, 9084, 9085, 9091,

88, 108, 139, 159, 265, 350, 351, 403, 410, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 801,
853, 854, 867, 868, 870, 932, 991, 992, 997, 1002, 1006, 1061, 1062, 1066, 1070, 1166, 1254, 1257, 1317, 1552, 1612, 1622, 1651,
1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819,

1820, 1829, 1834, 1835, 1851, 1852, 1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108,
2141, 2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4779, 4807, 4826, 4840, 4857, 4884, 4900, 4939,
4958, 5023, 5151, 5165, 5210, 5236, 5249, 5253,

5276, 5279, 5349, 5353, 5395, 5577, 5644, 5651, 5717, 5718, 5720, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5784, 5798, 5811, 5822,
5831, 5832, 5836, 5837, 5856, 5867, 5874, 5890, 5907, 5921, 5993, 6008, 6011, 6012, 6016, 6017, 6020, 6023, 6024, 6025, 6034, 6035,
6036, 6039, 6040, 6042, 6043, 6046, 6064, 6069,

6070, 6071, 6073, 6074, 6077, 6086, 6087, 6088, 6090, 6091, 6092, 6097, 6098, 6099, 6102, 6104, 6106, 6115, 6118, 6119, 6122, 6124,
6125, 6126, 6131, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150, 6151, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174,
6177, 6188, 6189, 6191, 6192, 6193, 6195, 6198,

6201, 6214, 6216, 6217, 6218, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6424,
6445, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6897, 6898, 6900, 6901, 6904, 6907, 6908, 6911, 6915, 6917, 6918, 6919, 6920,
6923, 6924, 6926, 6927, 6933, 6938, 6940, 6943,

6945, 6951, 6956, 6958, 6959, 6960, 6967, 6968, 6969, 6973, 6976, 6981, 6982, 6984, 6986, 6987, 6990, 6997, 7002, 7003, 7008, 7025,
7026, 7028, 7031, 7033, 7058, 7061, 7063, 7067, 7068, 7071, 7072, 7077, 7103, 7106, 7107, 7109, 7111, 7117, 7119, 7120, 7126, 7130,
7133, 7138, 7143, 7147, 7158, 7160, 7161, 7162,

7163, 7164, 7165, 7177, 7181, 7192, 7203, 7217, 7231, 7236, 7244, 7248, 7250, 7258, 7280, 7288, 7296, 7298, 7305, 7306, 7307, 7314,
7316, 7319, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7342, 7344, 7347, 7353, 7354, 7356, 7358, 7359, 7372, 7373, 7377, 7378, 7382,
7383, 7384, 7387, 7394, 7396, 7404, 7416, 7417,

7418, 7419, 7430, 7460, 7461, 7471, 7475, 7477, 7514, 7515, 7516, 7517, 7523, 7525, 7529, 7530, 7568, 7717, 7757, 7767, 7917, 7947,
8037, 8057, 8077, 8132, 8171, 8214, 8231, 8233, 8234, 8235, 8238, 8239, 8240, 8242, 8243, 8244, 8246, 8247, 8249, 8256, 8258, 8259,
8264, 8283, 8284, 8285, 8290, 8307, 8311, 8312,

S19N 8326, 8334, 8335, 8337, 8351, 8357, 8366, 8369, 8387, 8426, 8427, 8464, 8483, 8699, 8723, 9027, 9057, 9058, 9069, 9070, 9078, 9081,
9089, 9095, 9103, 9121, 9131, 9133, 9134, 9298, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9363, 9369, 9370, 9371, 9380, 9381, 9382,
9383, 9388, 9390, 9391, 9392, 9394, 9399, 9402,

9404, 9405, 9407, 9409, 9413, 9427, 9433, 9437, 9442, 9451, 9452, 9453, 9454, 9455, 9471, 9476, 9481, 9503, 9506, 9507, 9508, 9509,
9510, 9511, 9512, 9513, 9514, 9515, 9518, 9519, 9522, 9523, 9524, 9526, 9527, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539,
9541, 9542, 9543, 9544, 9545, 9549, 9550, 9551,

9552, 9553, 9555, 9556, 9557, 9558, 9560, 9561, 9565, 9569, 9571, 9576, 9578, 9583, 9584, 9585, 9586, 9587, 9588, 9589, 9590, 9591,
9592, 9593, 9594, 9595, 9596, 9597, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9609, 9611, 9612, 9616, 9617, 9619, 9620, 9621, 9622,
9624, 9631, 9632, 9634, 9637, 9638, 9639, 9640,

9641, 9642, 9643, 9645, 9646, 9649, 9653, 9655, 9656, 9658, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672,
9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9687, 9689, 9690, 9692, 9693, 9694, 9695, 9696, 9697, 9700, 9701,
9703, 9707, 9708, 9712, 9713, 9714, 9716, 9717,

9718, 9719, 9720, 9723, 9726, 9727, 9728, 9729, 9730, 9731, 9733, 9735, 9738, 9739, 9741, 9743, 9744, 9749, 9754, 9755, 9756, 9757,
9759, 9761, 9764, 9769, 9770, 9771, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9783, 9787, 9788, 9789, 9791, 9793, 9794, 9796,
9797, 9799, 9800, 9801, 9804, 9806, 9807, 9809,

9810, 9811, 9813, 9817, 9819, 9820, 9821, 9822, 9823, 9824, 9825, 9827, 9828, 9830, 9831, 9832, 9833, 9834, 9837, 9838, 9839, 9841,
9843, 9845, 9846, 9847, 9848, 9849, 9850, 9851, 9852, 9853, 9854, 9859, 9860, 9861, 9862, 9866, 9867, 9868, 9869, 9871, 9873, 9874,
9875, 9876, 9877, 9878, 9879, 9880, 9881, 9882,

9883, 9885, 9887, 9890, 9891, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901, 9902, 9903, 9904, 9905, 9906, 9908, 9910, 9911, 9918,
9920, 9921, 9924, 9925, 9926, 9927, 9928, 9930, 9932, 9935, 9937, 9960, 9962, 9964, 9966, 9973, 9974, 9975, 9978, 9979, 9982, 9983,
9985, 9986, 10005, 10018, 10020, 10022, 10027, 14312, 14313, 14314, 14315, 14319, 15560, 15591, 15592, 15593, 18694, 19949,
19950, 19951, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Ey15-2, Fei-0, ICE102, ICE106, ICE111, ICE138, ICE181, ICE212, ICE213,
ICE226, ICE228, ICE29, ICE33, ICE36, ICE49, ICE50, ICE63, ICE70, ICE72, ICE73, ICE75, ICE79, ICE93, ICE97, Istisu-1, Kastel-1,
Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Star-8, TueSB30-3, Tuescha9, TueV13, TueWal-2, Vash-1,
Vie-0, WalhaesB4, Yeg-1,

5831, 6034, 6039, 6099, 6189, 6192, 6424, 7322, 7333, 7394, 8242, 8284, 8307, 8426, 8427,
9057, 9670, 9676, 9677, 9678, 9930, 9978, ICE226, ICE228,

T30A* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9857, 9870, 9886,
E31D 9840

p24L*
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P36L*

430, 992, 1002, 1061, 1066, 5837, 6073, 6097, 6102, 6106, 6115, 6126, 6195, 6951, 7106
7147, 7165, 7288, 7316, 7323, 8231, 8235, 9058, 9343, 9404, 9405, 9407, 9409, 9437, 9733
14319

G39R*

88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 680, 681, 685, 687, 728, 742, 801, 853, 854, 867, 868,

870, 932, 991, 992, 997, 1002, 1006, 1061, 1062, 1066, 1070, 1166, 1254, 1257, 1317, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757,
1793, 1797, 1819, 1820, 1829, 1834, 1835, 1851, 1852, 1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108,
2141, 2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4779, 4807, 4826, 4840, 4884, 4900, 4939, 4958, 5023, 5151, 5165,
5210, 5236, 5253, 5276, 5349, 5353, 5577, 5644, 5720, 5741, 5757, 5768, 5772, 5779, 5784, 5798, 5811, 5822, 5831, 5832, 5836, 5837, 5856, 5867, 5874,
5890, 5907, 5921, 5993, 6008, 6011, 6012, 6016, 6017, 6020, 6023, 6024, 6025, 6034, 6035, 6039, 6040, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073,
6074, 6077, 6086, 6087, 6088, 6090, 6091, 6092, 6097, 6098, 6099, 6102, 6104, 6106, 6115, 6118, 6119, 6122, 6124, 6125, 6126, 6131, 6136, 6137, 6138,
6140, 6141, 6142, 6145, 6148, 6149, 6150, 6151, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174, 6177, 6188, 6189, 6191, 6192, 6193, 6195, 6198, 6201,
6214, 6216, 6217, 6218, 6221, 6231, 6235, 6237, 6238, 6240, 6241, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6424, 6445, 6739, 6740, 6744,
6749, 6750, 6805, 6806, 6814, 6897, 6898, 6900, 6901, 6904, 6907, 6908, 6911, 6915, 6917, 6918, 6919, 6920, 6923, 6924, 6926, 6927, 6933, 6938, 6940,
6943, 6945, 6951, 6956, 6958, 6959, 6960, 6967, 6968, 6969, 6976, 6981, 6982, 6984, 6986, 6987, 6990, 6997, 7002, 7003, 7008, 7025, 7026, 7028, 7031,
7033, 7058, 7061, 7063, 7067, 7068, 7071, 7072, 7077, 7103, 7106, 7109, 7111, 7117, 7119, 7120, 7126, 7130, 7133, 7138, 7143, 7147, 7158, 7160, 7161,
7162, 7164, 7165, 7177, 7181, 7203, 7217, 7231, 7236, 7244, 7248, 7250, 7258, 7280, 7288, 7296, 7298, 7306, 7314, 7316, 7319, 7322, 7323, 7327, 7328,
7332, 7333, 7342, 7344, 7347, 7353, 7354, 7356, 7358, 7359, 7372, 7373, 7377, 7378, 7382, 7383, 7384, 7387, 7394, 7396, 7404, 7415, 7417, 7418, 7419,
7430, 7460, 7471, 7475, 7477, 7514, 7515, 7516, 7517, 7523, 7525, 7529, 7530, 7568, 7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8171, 8214,
8231, 8233, 8234, 8235, 8239, 8240, 8242, 8243, 8244, 8246, 8249, 8256, 8258, 8259, 8264, 8283, 8284, 8285, 8307, 8311, 8312, 8326, 8334, 8335, 8337,
8351, 8357, 8366, 8369, 8387, 8426, 8427, 8464, 8483, 8699, 8723, 9027, 9057, 9058, 9069, 9070, 9078, 9081, 9089, 9095, 9103, 9121, 9131, 9133, 9134,
9298, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9363, 9369, 9370, 9371, 9380, 9388, 9390, 9391, 9392, 9394, 9399, 9402, 9404, 9405, 9407, 9409, 9427,
9433, 9437, 9442, 9451, 9452, 9453, 9454, 9455, 9471, 9476, 9481, 9506, 9507, 9508, 9509, 9510, 9511, 9512, 9513, 9514, 9518, 9522, 9523, 9524, 9529,
9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544, 9545, 9549, 9550, 9551, 9552, 9553, 9555, 9556, 9557, 9558, 9560, 9561, 9565,
9569, 9571, 9578, 9583, 9584, 9585, 9586, 9587, 9588, 9590, 9591, 9592, 9593, 9594, 9596, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9609, 9611, 9612,
9616, 9617, 9619, 9620, 9621, 9622, 9624, 9631, 9632, 9634, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9645, 9647, 9649, 9653, 9655, 9656, 9658, 9660,
9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9687, 9689, 9690,
9692, 9693, 9694, 9695, 9696, 9697, 9700, 9701, 9703, 9707, 9708, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9723, 9726, 9727, 9728, 9729, 9730,
9731, 9733, 9735, 9738, 9739, 9741, 9743, 9744, 9747, 9749, 9754, 9755, 9756, 9757, 9759, 9761, 9764, 9769, 9770, 9771, 9774, 9775, 9776, 9777, 9778,
9779, 9781, 9783, 9787, 9788, 9789, 9791, 9793, 9794, 9796, 9797, 9799, 9800, 9801, 9804, 9806, 9807, 9809, 9810, 9811, 9812, 9813, 9817, 9820, 9821,
9822, 9823, 9824, 9825, 9827, 9828, 9830, 9831, 9832, 9833, 9834, 9837, 9838, 9841, 9843, 9845, 9847, 9848, 9849, 9850, 9851, 9852, 9853, 9854, 9859,
9860, 9861, 9862, 9866, 9868, 9869, 9871, 9873, 9874, 9875, 9876, 9877, 9878, 9879, 9880, 9881, 9882, 9883, 9885, 9887, 9890, 9891, 9892, 9894, 9895,
9897, 9898, 9899, 9900, 9902, 9903, 9904, 9905, 9906, 9908, 9910, 9911, 9912, 9914, 9918, 9920, 9921, 9925, 9926, 9927, 9928, 9930, 9932, 9935, 9937,
9939, 9957, 9959, 9960, 9962, 9963, 9964, 9966, 9973, 9974, 9975, 9978, 9979, 9982, 9983, 9984, 9985, 9986, 10004, 10005, 10018, 10020, 10022, 10027,
14312, 14313, 14314, 14315, 14319, 15560, 15591, 15592, 15593, 18694, 19949, 19950, 19951, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Ey15-2, ICE102,
ICE106, ICE111, ICE138, ICE181, ICE212, ICE213, ICE226, ICE228, ICE29, ICE33, ICE36, ICE49, ICE50, ICE63, ICE70, ICE72, ICE73, ICE75, ICET9,
ICE93, ICE97, Istisu-1, Kastel-1, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Star-8, TueSB30-3, Tuescha9, TueV13,
TueWal-2, Vash-1, Vie-0, WalhaesB4, Yeg-1,

G39K

4857, 5249, 5279, 5395, 5651, 5717, 5718, 5748, 5776, 6973, 7107, 7163, 7192, 7305, 7320
8247, 9503, 9519, 9526, 9527, 9576, 9589, 9595, 9597, 9780, 9819, 9839, 9846, 9867, 9901
9924, Fei-0,

G395*

9381, 9382, 9383, 9413,

V41A

7063, 9508, 9513, 9545, 9555, 9596, 9832, 9837

T55K*

6101, 6128, 8306, 9408,

K64N*

10017, ICE21,

ABST*

7566

G68S*

1942, 1943,

175T*

7063, 9508, 9513, 9545, 9555, 9596, 9600, 9832, 9837, 9871

R100K

7081, 9554, Don-0

L109Q*

7353

T1211*

265, 410, 424, 628, 915, 1063, 1317, 5104, 5486, 5772, 5800, 5822, 5830, 5865, 5874, 5890,
5893, 5950, 5984, 5993, 6008, 6009, 6010, 6013, 6030, 6041, 6071, 6076, 6085, 6088, 6094,
6095, 6100, 6101, 6105, 6109, 6111, 6123, 6128, 6133, 6138, 6169, 6172, 6173, 6174, 62009,
6210, 6220, 6235, 6243, 6296, 6390, 6396, 6434, 6830, 6903, 6913, 6920, 6922, 6931, 6932,
6945, 6957, 6968, 6969, 6975, 6979, 6987, 7013, 7014, 7026, 7081, 7096, 7102, 7103, 7111,
7127,7138, 7169, 7177, 7186, 7199, 7202, 7203, 7207, 7209, 7213, 7258, 7268, 7273, 7276,
7280, 7337, 7342, 7343, 7344, 7346, 7349, 7350, 7362, 7413, 7424, 7430, 7460, 7461, 7477,
7520, 7521, 7566, 8236, 8256, 8258, 8259, 8285, 8306, 8312, 8343, 8365, 8386, 8419, 8422,
9075, 9079, 9084, 9085, 9091, 9133, 9134, 9321, 9323, 9351, 9353, 9363, 9408, 9412, 9451
9452, 9535, 9552, 9554, 9584, 9613, 9622, 9644, 9645, 9646, 9664, 9665, 9666, 9667, 9668,
9671, 9673, 9686, 9701, 9704, 9705, 9721, 9722, 9727, 9729, 9731, 9732, 9735, 9739, 9741,
9747, 9748, 9768, 9769, 9771, 9774, 9777, 9778, 9781, 9782, 9784, 9785, 9786, 9787, 9789,
9790, 9792, 9794, 9795, 9796, 9798, 9801, 9802, 9803, 9804, 9805, 9806, 9808, 9811, 9812
9813, 9816, 9827, 9898, 9899, 9918, 9956, 9987, 10017, 10018, 10023, 15591, 15592, 15593
19949, 19950, 19951, Del-10, Don-0, Ey15-2, HKT2, ICE181, ICE21, ICE36, ICE61, ICE7,
ICE73, Niel-2, Rue3-1-31, Vash-1,
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P123A* 9939
P123L* 6016, 6244, 9381, 9382, 9383, 9413,
R135P 9069, 9121, Bak-2, Bak-7, Dog-4, ICE29, Nemrut-1,
L140V 1158, 6680, 7036, 8230, 8297, 9709, 9725, 9929,
C148Y* 772
S172L* 9613, 9721,
R175W* 424, 5984, 6396,
£188G* 5210, 7025, 8243, 8311, 9078, 9518, 9558, 9653, 9660, 9697, 9707, 9717, 9749, 9770, 9776,
9779, 9788, 9791, 9793, 9797, 9800, 9807, 9810, 9851, 9877, 9979, ICE79,
M198l 9121, Bak-7,
1215M 6194, 6202, 9520, 9525, 9540, 9840, 9844, 9856, 9870, 9886,
Q218E* 14312, 14313, 14314, 14315, 15560, 18694,
1220V 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9844, 9856, 9870, 9886,
G228R* 9697
P233T* 7296
H262Y* 9404
T277A* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9856, 9857, 9870, 9886,
D282N* 6194, 6202, 9520, 9525, 9540, 9567, 9840, 9856, 9857, 9870, 9886,
H288Y* 8283, 9708, 9714, iCE33,
S296N 7333, 9686,
88, 108, 139, 932, 997, 1853, 1954, 4779, 4807, 4826, 4958, 5151, 5349, 5768, 5779, 5811,
6098, 6908, 6922, 6926, 6960, 6967, 6976, 7002, 7071, 7130, 7143, 7161, 7306, 7332, 7372,
P298S* | 7418, 9314, 9523, 9561, 9571, 9590, 9592, 9599, 9601, 9689, 9690, 9692, 9693, 9754, 9783,
982, 9838, 9847, 9849, 9853, 9854, 9860, 9875, 9883, 9894, 9912, 9921, 9925, 9926, 9927,
10020, Leo-1, Qui-0, Tuescha9, TueWal-2,
P311Q* 9539
915, 1063, 5104, 5486, 5800, 5830, 5865, 5893, 5950, 6009, 6010, 6013, 6041, 6085, 6094,
6095, 6100, 6105, 6109, 6111, 6123, 6133, 6209, 6210, 6243, 6434, 6903, 6913, 6922, 6932,
S320P* 6957, 6975, 6979, 7013, 7014, 7096, 7102, 7127, 7169, 7186, 7199, 7202, 7207, 7337, 7349,

7350, 7413, 7424, 7461, 7520, 7566, 8236, 8343, 8365, 8386, 8419, 8422, 9352, 9353, 9412,
9646, 9768, 9782, 9784, 9785, 9786, 9790, 9792, 9795, 9798, 9802, 9803, 9805, 9808, 9812,
9815, 9816, 10023, 14319, HKT?2,
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APENDICE N - SAPs DA AOX1c DE A. thaliana

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1c DE de 1190
ECOTIPOS DE A. thaliana, EM QUE A MODIFICACAO E INDICADA NA COLUNA
1, SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A
“IDCODE” DOS ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2,
COM OS SAPs QUE MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecdétipos com o SAP especificado na proteina At AOX1c

1254, 1890, 5104, 5837, 5860, 6025, 6039, 6043, 6046, 6064, 6069, 6073, 6097, 6115, 6126,
6134, 6141, 6153, 6154, 6163, 6166, 6238, 6242, 6903, 6915, 6920, 6932, 6951, 6968, 6969,
6975, 6981, 7072, 7096, 7126, 7127, 7138, 7158, 7162, 7199, 7202, 7236, 7280, 7314, 7343,
7347, 7349, 7350, 7378, 7413, 7424, 7520, 8230, 8237, 8240, 8241, 8242, 8264, 8306, 8354,
8376, 9103, 9121, 9352, 9353, 9370, 9412, 9413, 9433, 9450, 9454, 9470, 9582, 9607, 9608,
9609, 9610, 9612, 9616, 9617, 9622, 9625, 9626, 9630, 9631, 9638, 9642, 9665, 9666, 9667,
9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9698, 9701, 9705, 9714, 9718, 9722, 9723, 9728, 9730, 9731, 9732, 9735, 9736,
9754, 9758, 9787, 9788, 9794, 9800,
9806, 9809, 9811, 9812, 9813, 9814, 9850, 9870, 9886, 9930, 9933, 10020, 14318, 15591,
15592, 15593, 18594,

19949, 19950, 19951, Bak-2, Bak-7, ICE130, ICE138, ICE181, ICE212, ICE213, ICE226,

120M ICE228, ICEGO, ICE61, ICE73, ICE98, Koch-1, TueV13, Vash-1, Vie-0,

88, 159, 351, 403, 424, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 315, 932, 991, 992, 997, 1002, 1006, 1066, 1257, 1313, 1317,
1552, 1829, 1853, 1954,

2016, 2202, 2276, 2278, 2317, 4779, 4807, 4826, 4857, 4900, 4939, 4958, 5023, 5151, 5165, 5236, 5249, 5253, 5276, 5279, 5349, 5353,
5395, 5486, 5577, 5651,

5717, 5718, 5720, 5726, 5748, 5757, 5772, 5776, 5779, 5798, 5800, 5811, 5831, 5856, 5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950,
5984, 5993, 6008, 6009,

6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022, 6023, 6030, 6041, 6042, 6070, 6071, 6074, 6076, 6085, 6087, 6088, 6090, 6092, 6095,
6098, 6099, 6100, 6101,

6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6119, 6123, 6124, 6131, 6132, 6133, 6151, 6169, 6173, 6177, 6180, 6184, 6188,
6189, 6191, 6192, 6193,

6194, 6198, 6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6235, 6237, 6240, 6241, 6243, 6244, 6252, 6255, 6258,
6268, 6276, 6284, 6296,

6390, 6445, 6680, 6744, 6897, 6898, 6904, 6907, 6909, 6911, 6913, 6917, 6918, 6919, 6922, 6923, 6926, 6929, 6931, 6933, 6938, 6940,
6943, 6944, 6957, 6958,

6960, 6961, 6963, 6966, 6967, 6968, 6970, 6971, 6973, 6974, 6976, 6979, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003,
7014, 7025, 7031, 7062,

7063, 7064, 7067, 7068, 7071, 7081, 7092, 7094, 7102, 7103, 7106, 7107, 7109, 7119, 7120, 7125, 7130, 7133, 7143, 7161, 7163, 7164,
7177, 7181, 7183, 7186,

7192, 7203, 7207, 7208, 7209, 7213, 7217, 7223, 7244, 7250, 7255, 7258, 7268, 7273, 7276, 7282, 7288, 7296, 7298, 7306, 7316, 7320,
7322, 7323, 7327, 7328,

7332, 7333, 7337, 7344, 7353, 7372, 7373, 7382, 7383, 7384, 7387, 7394, 7396, 7404, 7411, 7415, 7417, 7418, 7419, 7427, 7430, 7460,
7461, 7471, 7477, 7514,

7516, 7517, 7525, 7529, 7530, 7717, 7947, 8214, 8222, 8227, 8234, 8235, 8236, 8238, 8243, 8247, 8249, 8290, 8297, 8307, 8311, 8312,
8326, 8334, 8337, 8343,

8351, 8357, 8365, 8366, 8369, 8420, 8422, 8424, 9027, 9057, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095,
9099, 9100, 9102, 9104,

9105, 9106, 9111, 9113, 9114, 9115, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9363,
9369, 9371, 9381, 9382,

9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9402, 9404, 9405, 9407, 9408, 9421, 9427, 9436, 9437, 9442, 9451, 9452, 9476, 9506,
9507, 9508, 9509, 9510,

9514, 9515, 9517, 9519, 9522, 9523, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544,
9545, 9548, 9549, 9550,

9551, 9552, 9553, 9554, 9555, 9556, 9558, 9559, 9560, 9561, 9569, 9571, 9573, 9574, 9576, 9578, 9579, 9581, 9583, 9584, 9585, 9590,
9595, 9596, 9598, 9599,

9602, 9606, 9611, 9613, 9615, 9619, 9620, 9621, 9624, 9627, 9628, 9632, 9633, 9634, 9635, 9636, 9637, 9639, 9640, 9641, 9643, 9644,
9645, 9646, 9647, 9648,

9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687, 9697, 9699,
9700, 9703, 9704, 9706,

9707, 9708, 9710, 9711, 9712, 9713, 9716, 9717, 9719, 9720, 9721, 9725, 9726, 9727, 9729, 9733, 9737, 9738, 9739, 9741, 9743, 9744,

N211* 9745, 9747, 9748, 9755,
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9756, 9757, 9759, 9761, 9762, 9764, 9766, 9768, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9784, 9785,
9786, 9789, 9790, 9791,
9792, 9793, 9795, 9796, 9797, 9798, 9799, 9801, 9802, 9803, 9804, 9805, 9807, 9808, 9810, 9811, 9812, 9815, 9816, 9817, 9819, 9820,
9821, 9822, 9823, 9824,
9826, 9827, 9828, 9831, 9832, 9833, 9835, 9837, 9838, 9839, 9843, 9845, 9847, 9848, 9849, 9851, 9852, 9853, 9854, 9855, 9856, 9857,
9858, 9859, 9861, 9862,
9867, 9869, 9871, 9873, 9875, 9877, 9878, 9879, 9881, 9882, 9885, 9887, 9890, 9892, 9895, 9897, 9898, 9900, 9902, 9905, 9908, 9909,
9910, 9911, 9912, 9914,
9915, 9917, 9918, 9924, 9928, 9929, 9932, 9935, 9937, 9939, 9951, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970, 9971,
9972, 9973, 9974, 9976,
9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10022, 10027, 14312,
14313, 14314, 14315,
14319, 18696, Cdm-0, Del-10, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112, ICE119, ICE120,
ICE150, ICE152, ICE153,
ICE163, ICE169, ICE173, ICE21, ICE216, ICE29, ICE33, ICE46, ICE49, ICE50, ICE63, ICE7, ICE70, ICE72, ICET75, ICE79, ICEI1,
ICE92, ICE93, ICE97, Istisul, Lag-2, Lerik1-3, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, TueWal-2, WalhaesB4,
Xan-1, Yeg-1,

L28H*

88, 159, 351, 403, 424, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 315, 932, 991, 992, 997, 1002, 1006, 1066, 1257, 1313, 1317,
1552, 1829, 1853, 1954, 2016, 2202, 2276, 2278, 2317, 4779, 4807, 4826, 4857, 4900, 4939, 4958, 5023, 5151, 5165, 5236, 5249, 5253,
5276, 5279, 5349, 5353, 5395, 5486, 5577, 5651, 5717, 5718, 5720, 5726, 5748, 5757, 5772, 5776, 5779, 5798, 5800, 5811, 5831, 5856,
5865, 5867, 5874, 5890, 5893, 5907, 5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022, 6023, 6030,
6041, 6042, 6070, 6071, 6074, 6076, 6085, 6087, 6088, 6090, 6092, 6095,6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111,
6112, 6113, 6114, 6119, 6123, 6124, 6131, 6132, 6133, 6151, 6169, 6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198,
6201, 6202, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6235, 6237, 6240, 6241, 6243, 6244, 6252, 6255, 6258,6268, 6276,
6284, 6296, 6390, 6445, 6680, 6744, 6897, 6898, 6904, 6907, 6909, 6911, 6913, 6917, 6918, 6919, 6922, 6923, 6926, 6929, 6931, 6933,
6938, 6940,6943, 6944, 6957, 6958,
6960, 6961, 6963, 6966, 6967, 6968, 6970, 6971, 6973, 6974, 6976, 6979, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003,
7014, 7025, 7031, 7062,7063, 7064, 7067, 7068, 7071, 7081, 7092, 7094, 7102, 7103, 7106, 7107, 7109, 7119, 7120, 7125, 7130, 7133,
7143, 7161, 7163, 7164, 7177, 7181, 7183, 7186,7192, 7203, 7207, 7208, 7209, 7213, 7217, 7223, 7244, 7250, 7255, 7258, 7268, 7273,
7276, 7282, 7288, 7296, 7298, 7306, 7316, 7320, 7322, 7323, 7327, 7328,7332, 7333, 7337, 7344, 7353, 7372, 7373, 7382, 7383, 7384,
7387, 7394, 7396, 7404, 7411, 7415, 7417, 7418, 7419, 7427, 7430, 7460, 7461, 7471, 7477, 7514,7516, 7517, 7525, 7529, 7530, 7717,
7947, 8214, 8222, 8227, 8234, 8235, 8236, 8238, 8243, 8247, 8249, 8290, 8297, 8307, 8311, 8312, 8326, 8334, 8337, 8343,8351, 8357,
8365, 8366, 8369, 8420, 8422, 8424, 9027, 9057, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100,
9102, 9104,
9105, 9106, 9111, 9113, 9114, 9115, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9363,
9369, 9371, 9381, 9382,9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9402, 9404, 9405, 9407, 9408, 9421, 9427, 9436, 9437, 9442,
9451, 9452, 9476, 9506, 9507, 9508, 9509, 9510,9514, 9515, 9517, 9519, 9522, 9523, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533,
9534, 9535, 9537, 9539, 9541, 9542, 9543, 9544,9545, 9548, 9549, 9550,9551, 9552, 9553, 9554, 9555, 9556, 9558, 9559, 9560, 9561,
9569, 9571, 9573, 9574, 9576, 9578, 9579, 9581, 9583, 9584, 9585, 9590,9595, 9596, 9598, 9599,9602, 9606, 9611, 9613, 9615, 9619,
9620, 9621, 9624, 9627, 9628, 9632, 9633, 9634, 9635, 9636, 9637, 9639, 9640, 9641, 9643, 9644,9645, 9646, 9647, 9648, 9649, 9651,
9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687, 9697, 9699,9700, 9703,
9704, 9706,

9707, 9708, 9710, 9711, 9712, 9713, 9716, 9717, 9719, 9720, 9721, 9725, 9726, 9727, 9729, 9733, 9737, 9738, 9739, 9741, 9743, 9744,
9745, 9747, 9748, 9755,9756, 9757, 9759, 9761, 9762, 9764, 9766, 9768, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779,
9780,9781,9782, 9784, 9785, 9786, 9789, 9790, 9791, 9792, 9793, 9795, 9796, 9797, 9798, 9799, 9801, 9802, 9803, 9804, 9805, 9807,
9808, 9810, 9811, 9812, 9815, 9816, 9817, 9819, 9820, 9821, 9822, 9823, 9824, 9826, 9827, 9828, 9831, 9832, 9833, 9835, 9837, 9838,
9839, 9843, 9845, 9847, 9848, 9849, 9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9859, 9861, 9862,

9867, 9869, 9871, 9873, 9875, 9877, 9878, 9879, 9881, 9882, 9885, 9887, 9890, 9892, 9895, 9897, 9898, 9900, 9902, 9905, 9908, 9909,
9910, 9911, 9912, 9914, 9915, 9917, 9918, 9924, 9928, 9929, 9932, 9935, 9937, 9939, 9951, 9959, 9960, 9962, 9963, 9964, 9965, 9966,
9968, 9969, 9970, 9971, 9972, 9973, 9974, 9976,9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987, 10004, 10005, 10008, 10009,
10010, 10015, 10017, 10018, 10022, 10027, 14312,14313, 14314, 14315,14319, 18696, Agu-1, Bak-2, Bak-7, Dog-4, ICE1, ICE127,
ICE130, ICE134, ICE138, ICE181, ICE212, ICE213, ICE226, ICE228, ICE60, ICE61, ICE71, ICE73, ICE98, Kastel-1, Koch-1, Leo-1,
Mer-6, Tuescha9, TueV13, Vash-1, Vie-0,

M481

410, 428, 765, 1254, 1890, 5104, 5486, 5800, 5837, 6025, 6039, 6043, 6046, 6064, 6069, 6073
6097, 6115, 6126,6134, 6141, 6153, 6154, 6163, 6166, 6231, 6238, 6242, 6396, 6413, 6424
6434, 6900, 6901, 6903, 6915, 6920, 6932, 6951, 6956, 6968, 6969, 6975, 6981, 6997, 7025
7072, 7096, 7126, 7127, 7138, 7162, 7199, 7202, 7207, 7213, 7236, 7268, 7280, 7314, 7343,
7347, 7349, 7350, 7354, 7378, 7413, 7424, 7520, 7521, 8230, 8236, 8237, 8240, 8241, 8242
8264, 8306, 8343, 8354, 8376, 8387, 9103, 9121, 9352, 9353, 9370, 9399, 9412, 9413, 9433,
9450, 9454, 9470, 9582, 9607, 9608, 9609, 9610, 9612, 9616, 9617, 9622, 9625, 9626, 9630,
9631, 9638, 9642, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677
9678, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696, 9698, 9701, 9705, 9714, 9718, 9722,
9723, 9727, 9728, 9730, 9731, 9732, 9735, 9736, 9744, 9754, 9758, 9762, 9764, 9766, 9787,
9788, 9794, 9800, 9806, 9809, 9811, 9813, 9814, 9850, 9864, 9870, 9886,9930, 9933, 9951,

9955, 9956, 9958, 9973, 9974, 9975, 9978, 10004, 10020, 14314, 14318, 15591, 15592,
15593,18694, 19949, 19950, 19951, Bak-2, Bak-7, Dog-4, ICE1, ICE127, ICE130, ICE138
ICE181, ICE212, ICE213, ICE226, ICE228, ICE60, ICE61, ICE71, ICE73, ICE98, Koch-1,

Nemrut-1, TueV13, Vash-1, Vie-0,

T49K*

9559
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K99Q*

108, 139, 265, 350, 351, 428, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687,
728, 742, 853, 854, 867
868, 932, 1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739
1741, 1756, 1757
1793, 1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053,
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285,
2286, 2370, 2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837
6016, 6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091
6094, 6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142
6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739,
6740, 6749, 6750, 6805, 6806, 6814, 6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945
6951, 6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033, 7036, 7058, 7061, 7111, 7117
7147, 7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287, 7305, 7307, 7319, 7342
7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520, 7521, 7523, 7566,
7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233, 8234, 8236
8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426, 8427
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413
9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524,
9525, 9536, 9546, 9547, 9557, 9562, 9564, 9565, 9567, 9568, 9577, 9586, 9587, 9588,
9589, 9591, 9592, 9593, 9594, 9597
9601, 9602, 9629, 9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678,
9689, 9690, 9691, 9692
9693, 9694, 9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744,
9749, 9769, 9783, 9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836
9841, 9844, 9846, 9860, 9861, 9862, 9866, 9868, 9874, 9876, 9880, 9882, 9883, 9888
9891, 9894, 9899, 9901, 9903, 9904, 9906, 9920, 9921, 9925, 9926, 9927, 9930, 9938
9951, 9953, 9973, 9974, 9975, 9978, 10004, 10020, 10023, 14318, 15560
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Al61E*

265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854,
867, 868, 932, 1061
1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741
1756, 1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942,
1943, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191
2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253,
5720, 5726, 5741, 5748, 5757, 5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832
5836, 5837, 5865, 6016, 6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046
6077, 6086, 6091, 6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140,
6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6180, 6194, 6195,
6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6898, 6900,
6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927, 6958, 6959, 6982, 6984, 6987
7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117, 7119, 7125, 7133, 7160,
7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316, 7319, 7332, 7342
7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566, 7568, 7757,
7767,7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236, 8241
8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427,
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416
9421, 9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525
9531, 9534, 9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568
9571, 9576, 9577, 9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595
9597, 9601, 9602, 9644, 9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693,
9694, 9695, 9696, 9697, 9700, 9712, 9714, 9722, 9727, 9729, 9743, 9744, 9762, 9764,
9769, 9771, 9782, 9783, 9784, 9792, 9796, 9799, 9802, 9803, 9807, 9808, 9810, 9815,
9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836, 9840, 9841, 9843, 9844, 9845, 9846
9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868, 9870, 9874, 9876, 9880, 9882
9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902, 9903, 9904, 9906, 9908,
9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965, 9966, 9968, 9969,
9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985
9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023,
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265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867
868, 932, 1061

1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741,
1756, 1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942,
1943, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191
2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253
5720, 5726, 5741, 5748, 5757, 5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832
5836, 5837, 5865, 6016, 6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046
6077, 6086, 6091, 6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140
6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6180, 6194, 6195
6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6898, 6900,
6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927, 6958, 6959, 6982, 6984, 6987,
7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117, 7119, 7125, 7133, 7160,
7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316, 7319, 7332, 7342
7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566, 7568, 7757,
7767, 7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236, 8241
8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427,
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416
9421, 9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525
9531, 9534, 9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568
9571, 9576, 9577, 9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595
9597, 9601, 9602, 9644, 9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693,
9694, 9695, 9696, 9697, 9700, 9712, 9714, 9722, 9727, 9729, 9743, 9744, 9762, 9764,
9769, 9771, 9782, 9783, 9784, 9792, 9796, 9799, 9802, 9803, 9807, 9808, 9810, 9815
9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836, 9840, 9841, 9843, 9844, 9845, 9846
9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868, 9870, 9874, 9876, 9880, 9882
9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902, 9903, 9904, 9906, 9908
9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965, 9966, 9968, 9969,

9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986,

V163l 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023
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G165R*

265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867

868, 932, 1061
1062, 1063, 1070, 1158, 1166, 1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741,
1756, 1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1852, 1853, 1872, 1925, 1942
1943, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191
2212, 2239, 2240, 2285, 2286, 2317, 2370, 2412, 4807, 4840, 4884, 4958, 5210, 5253
5720, 5726, 5741, 5748, 5757, 5768, 5772, 5779, 5784, 5800, 5811, 5822, 5830, 5832,
5836, 5837, 5865, 6016, 6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046
6077, 6086, 6091, 6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140
6142, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6180, 6194, 6195,
6198, 6201, 6202, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6898, 6900,
6901, 6903, 6904, 6907, 6908, 6909, 6915, 6926, 6927, 6958, 6959, 6982, 6984, 6987,
7013, 7014, 7026, 7028, 7036, 7058, 7061, 7092, 7111, 7117, 7119, 7125, 7133, 7160
7169, 7208, 7217, 7231, 7248, 7250, 7255, 7287, 7305, 7307, 7316, 7319, 7332, 7342
7346, 7354, 7356, 7358, 7359, 7387, 7411, 7416, 7475, 7515, 7521, 7566, 7568, 7757,
7767, 7917, 8037, 8057, 8077, 8132, 8171, 8227, 8230, 8231, 8233, 8234, 8236, 8241
8244, 8246, 8256, 8258, 8259, 8264, 8283, 8306, 8311, 8312, 8335, 8387, 8426, 8427,
8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9409, 9412, 9413, 9416
9421, 9453, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525,
9531, 9534, 9535, 9536, 9540, 9546, 9547, 9553, 9557, 9562, 9564, 9565, 9567, 9568
9571, 9576, 9577, 9582, 9586, 9587, 9588, 9589, 9590, 9591, 9592, 9593, 9594, 9595
9597, 9601, 9602, 9644, 9646, 9647, 9648, 9651, 9653, 9656, 9657, 9658, 9661, 9664,
9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693,
9694, 9695, 9696, 9697, 9700, 9712, 9714, 9722, 9727, 9729, 9743, 9744, 9762, 9764,
9769, 9771, 9782, 9783, 9784, 9792, 9796, 9799, 9802, 9803, 9807, 9808, 9810, 9815,
9816, 9820, 9825, 9827, 9830, 9834, 9835, 9836, 9840, 9841, 9843, 9844, 9845, 9846
9847, 9850, 9853, 9854, 9860, 9862, 9864, 9866, 9868, 9870, 9874, 9876, 9880, 9882
9883, 9886, 9888, 9890, 9891, 9894, 9899, 9900, 9901, 9902, 9903, 9904, 9906, 9908,
9911, 9912, 9920, 9921, 9925, 9926, 9927, 9928, 9935, 9938, 9965, 9966, 9968, 9969,

9970, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986,

9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10023
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88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 630, 680, 681, 685, 687, 728, 742, 763, 765, 766, 768,
772, 801, 853, 854, 867, 868,
870, 915, 932, 991, 992, 997, 1002, 1006, 1061, 1062, 1063, 1066, 1070, 1158, 1166, 1254, 1257, 1313, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741,
1756, 1757, 1793, 1797, 1819,
1820, 1829, 1834, 1835, 1851, 1852, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171,
2191, 2202, 2212, 2239, 2240,
2276, 2278, 2285, 2286, 2317, 2370, 2412, 4779, 4807, 4826, 4840, 4857, 4884, 4900, 4939, 5023, 5104, 5151, 5165, 5210, 5236, 5249, 5276, 5279, 5349,
5353, 5395, 5486, 5577, 5644,
5651, 5717, 5718, 5720, 5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5784, 5798, 5800, 5811, 5822, 5830, 5831, 5832, 5836, 5837, 5856, 5860, 5867,
5874, 5890, 5893, 5907, 5921,
5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6016, 6017, 6019, 6020, 6021, 6022, 6023, 6024, 6025, 6030, 6034, 6035, 6036, 6038, 6039, 6040,
6041, 6042, 6043, 6046, 6064,
6069, 6070, 6071, 6073, 6074, 6076, 6077, 6085, 6086, 6087, 6088, 6090, 6091, 6092, 6094, 6095, 6096, 6097, 6098, 6099, 6100, 6101, 6102, 6104, 6105,
6106, 6107, 6108, 6109, 6111,
6112, 6113, 6114, 6115, 6118, 6119, 6122, 6123, 6124, 6125, 6126, 6128, 6131, 6132, 6133, 6134, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149,
6150, 6151, 6153, 6154, 6163,
6166, 6169, 6172, 6173, 6174, 6177, 6184, 6188, 6189, 6191, 6192, 6193, 6195, 6198, 6203, 6209, 6210, 6214, 6216, 6217, 6218, 6220, 6221, 6231, 6235,
6237, 6238, 6240, 6241, 6242,
6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396, 6413, 6424, 6434, 6445, 6680, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6830,
6897, 6900, 6901, 6903, 6907,
6908, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922, 6923, 6924, 6927, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6944, 6945, 6951, 6956, 6957, 6959,
6960, 6961, 6963, 6966, 6967,
6968, 6969, 6970, 6971, 6973, 6974, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7008, 7013, 7025, 7026, 7028,
7031, 7033, 7036, 7058, 7061,
7062, 7063, 7064, 7067, 7068, 7071, 7072, 7077, 7081, 7094, 7096, 7102, 7103, 7106, 7107, 7109, 7111, 7117, 7120, 7126, 7127, 7130, 7138, 7143, 7147,
7158, 7160, 7161, 7162, 7163,
7164, 7165, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7209, 7213, 7218, 7223, 7231, 7236, 7244, 7248, 7258, 7268, 7273, 7276, 7280,
7282, 7287, 7288, 7296, 7298,
7305, 7306, 7307, 7314, 7319, 7320, 7322, 7323, 7327, 7328, 7333, 7337, 7342, 7343, 7344, 7346, 7347, 7349, 7350, 7353, 7354, 7356, 7358, 7359, 7372,
7373, 7377, 7378, 7382, 7383,
7384, 7394, 7396, 7404, 7413, 7415, 7416, 7417, 7418, 7419, 7424, 7427, 7430, 7460, 7461, 7471, 7475, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7523,
7525, 7529, 7530, 7566, 7568,
7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8171, 8214, 8222, 8230, 8231, 8233, 8234, 8235, 8236, 8237, 8238, 8239, 8240, 8241, 8242, 8243,
8244, 8246, 8247, 8249, 8256,
8258, 8259, 8283, 8284, 8285, 8290, 8297, 8306, 8307, 8311, 8326, 8334, 8335, 8337, 8343, 8351, 8354, 8357, 8365, 8366, 8369, 8376, 8386, 8387, 8419,
8420, 8422, 8424, 8426, 8427,
8464, 8483, 8699, 8723, 9027, 9057, 9058, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9104, 9105,
9106, 9111, 9113, 9114, 9115,
9121, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9380, 9381, 9382,
9383, 9386, 9388, 9390, 9391,
9392, 9394, 9395, 9399, 9402, 9404, 9405, 9407, 9408, 9409, 9412, 9413, 9416, 9427, 9433, 9436, 9437, 9442, 9450, 9451, 9452, 9453, 9454, 9455, 9470,
9471, 9476, 9481, 9503, 9506,
9507, 9508, 9509, 9510, 9511, 9512, 9513, 9514, 9515, 9517, 9518, 9519, 9520, 9521, 9522, 9523, 9524, 9525, 9526, 9527, 9528, 9529, 9530, 9532, 9533,
9536, 9537, 9539, 9540, 9541,
9542, 9543, 9544, 9545, 9546, 9547, 9548, 9549, 9550, 9551, 9552, 9554, 9555, 9556, 9557, 9558, 9559, 9560, 9561, 9562, 9564, 9565, 9567, 9568, 9569,
9573, 9574, 9577, 9578, 9579,
9581, 9583, 9584, 9585, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9596, 9597, 9598, 9599, 9600, 9601, 9602, 9606, 9607, 9608, 9609, 9610, 9611,
9612, 9613, 9615, 9616, 9617,
9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9645,
9649, 9651, 9655, 9659, 9660,
9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687, 9689, 9690,
9692, 9693, 9694, 9695, 9696,
9697, 9698, 9699, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709, 9710, 9711, 9713, 9716, 9717, 9718, 9719, 9720, 9721, 9723, 9725, 9726, 9727, 9728,
9730, 9731, 9732, 9733, 9735,
9736, 9737, 9738, 9739, 9741, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9758, 9759, 9761, 9766, 9768, 9769, 9770, 9772, 9774, 9775, 9776, 9777,
9778, 9779, 9780, 9781, 9783,
9785, 9786, 9787, 9788, 9789, 9790, 9791, 9793, 9794, 9795, 9797, 9798, 9800, 9801, 9804, 9805, 9806, 9809, 9811, 9812, 9813, 9814, 9816, 9817, 9819,
9821, 9822, 9823, 9824, 9825,
9826, 9828, 9830, 9831, 9832, 9833, 9834, 9836, 9837, 9838, 9839, 9840, 9841, 9844, 9846, 9848, 9849, 9851, 9852, 9855, 9856, 9857, 9858, 9859, 9860,
9861, 9862, 9866, 9867, 9868,
9869, 9871, 9873, 9874, 9875, 9876, 9877, 9878, 9879, 9880, 9881, 9882, 9883, 9885, 9887, 9888, 9891, 9892, 9894, 9895, 9897, 9898, 9899, 9900, 9901,
9902, 9903, 9904, 9905, 9906,
9909, 9910, 9914, 9915, 9917, 9918, 9920, 9921, 9924, 9925, 9926, 9927, 9929, 9930, 9932, 9933, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957,
9958, 9959, 9960, 9962, 9963,
9964, 9966, 9970, 9971, 9972, 9973, 9974, 9975, 9978, 9979, 9982, 9983, 9984, 9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018,
10020, 10022, 10023, 10027, 14312,
14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15593, 18694, 18696, 19949, 19950, 19951,Agu-1, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, Don-0,
Ey15-2, HKT2, ICE102, ICE104,
ICE106, ICE112, ICE111, ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE169, ICE173, ICE181, ICE21, ICE212, ICE213, ICE226, ICE228,
ICE33, ICE36, ICE49, ICE50, ICE60, ICE61, ICE63, ICE70, ICE71, ICE72, ICE73, ICE75, ICE79, ICE93, ICE97, ICE9S, Istisu-1, Kastel-1, Koch-1, Lag2,
* Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Ped-0, Pra-6, Qui-0,
W186R Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9, TueV13, Vash-1, Xan-1, Yeg-1,
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E192Q*

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063,
1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793,
1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057,
2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286
2370, 2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016,
6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094,
6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145,
6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740
6749, 6750, 6805, 6806, 6814, 6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945, 6951,
6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033, 7036, 7058, 7061, 7111, 7117, 7147
7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287, 7305, 7307, 7319, 7342, 7346
7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520, 7521, 7523, 7566, 7568,
7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233, 8234, 8236, 8241,
8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426, 8427, 8464,
8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413, 9416,
9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525,
9536, 9546, 9547, 9557, 9562, 9564,
9565, 9567, 9568, 9577, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,
9629, 9664, 9665,

9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,
9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783
9787, 9788, 9794, 9800, 9806, 9813
9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860, 9861, 9862, 9866, 9868, 9874, 9876
9880, 9882, 9883,

9888, 9891, 9894, 9899, 9901, 9904, 9921, 9925, 9938, 9973, 9974, 9975, 9978, 10023, Agu-1
Bak-7, ICE1, ICE181, ICE212, ICE213, ICE226, ICE228, Mer-6, Tuescha9, Vie-0,

P210H*

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868, 932
1061, 1062, 1063,
1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793,
1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053, 2057,
2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286
2370, 2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016,
6020, 6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094,
6096, 6104, 6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145,
6148, 6149, 6150, 6153, 6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740,
6749, 6750, 6805, 6806, 6814, 6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945, 6951
6956, 6959, 6982, 7008, 7013, 7026, 7028, 7033, 7036, 7058, 7061, 7111, 7117, 7147
7158, 7160, 7165, 7169, 7218, 7231, 7248, 7280, 7287, 7305, 7307, 7319, 7342, 7346,
7354, 7356, 7358, 7359, 7377, 7378, 7416, 7475, 7515, 7520, 7521, 7523, 7566, 7568,
7757,7767,7917, 8037, 8057, 8077, 8132, 8171, 8230, 8231, 8233, 8234, 8236, 8241
8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335, 8387, 8419, 8426, 8427, 8464,
8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380, 9409, 9412, 9413, 9416,
9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520, 9521, 9524, 9525
9536, 9546, 9547, 9557, 9562, 9564,
9565, 9567, 9568, 9577, 9586, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602
9629, 9664, 9665

9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691, 9692, 9693, 9694,

9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783,

9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860

9861, 9862, 9866, 9868, 9874, 9876, 9880, 9882, 9883, 9888, 9891, 9894, 9899, 9901, 9904,

9921, 9925, 9938, 9973, 9974, 9975, 9978, 10023,
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139, 265, 350, 470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854,
867, 868, 932,
1061, 1062, 1063, 1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756,
1757, 1793, 1797, 1819, 1820, 1834, 1835, 1851, 1872, 1925, 1942, 1943, 2017, 2031, 2053
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2285, 2286
2370, 2412, 4840, 4884, 5210, 5644, 5741, 5784, 5822, 5830, 5832, 5836, 5837, 6016, 6020,
6024, 6025, 6034, 6035, 6036, 6038, 6040, 6043, 6046, 6077, 6086, 6091, 6094, 6096, 6104,
6108, 6118, 6122, 6125, 6128, 6136, 6137, 6138, 6140, 6141, 6142, 6145, 6148, 6149, 6150
6153, 6154, 6163, 6166, 6172, 6174, 6195, 6413, 6424, 6739, 6740, 6749, 6750, 6805, 6806,
6814, 6900, 6901, 6903, 6908, 6915, 6924, 6927, 6945, 6951, 6956, 6959, 6982, 7008, 7013
7026, 7028, 7033, 7036, 7058, 7061, 7111, 7117, 7147, 7158, 7160, 7165, 7169, 7218, 7231
7248, 7280, 7287, 7305, 7307, 7319, 7342, 7346, 7354, 7356, 7358, 7359, 7377, 7378, 7416,
7475, 7515, 7520, 7521, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171
8230, 8231, 8233, 8234, 8236, 8241, 8244, 8246, 8256, 8258, 8259, 8283, 8284, 8306, 8335
8387, 8419, 8426, 8427, 8464, 8483, 8699, 8723, 9058, 9103, 9121, 9352, 9353, 9370, 9380,
9409, 9412, 9413, 9416, 9453, 9454, 9455, 9471, 9481, 9503, 9511, 9512, 9513, 9518, 9520
9521, 9524, 9525, 9536, 9546, 9547, 9557, 9562, 9564, 9565, 9567, 9568, 9577, 9586, 9587
9588, 9589, 9591, 9592, 9593, 9594, 9597, 9601, 9602,
9629, 9664, 9665, 9666, 9667, 9668, 9670, 9671, 9673, 9676, 9677, 9678, 9689, 9690, 9691
9692, 9693, 9694,

9695, 9696, 9709, 9710, 9711, 9712, 9713, 9714, 9727, 9728, 9731, 9744, 9749, 9769, 9783
9787, 9788, 9794, 9800, 9806, 9813, 9814, 9825, 9830, 9834, 9836, 9841, 9844, 9846, 9860
9861, 9862, 9866, 9868, 9874, 9876
9880, 9882, 9883, 9888, 9891, 9894, 9899, 9901, 9904, 9921, 9925, 9938, 9973, 9974, 9975
9978, 10023, Agu-1, Leo-1, Mer-6, Tuescha9,
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765, 1254, 1890, 5104, 5486, 5860, 5867, 6039, 6064, 6069, 6073, 6097, 6115, 6126, 6134,
6231, 6238, 6242,
6396, 6434, 6920, 6932, 6968, 6969, 6975, 6981, 6997, 7026, 7072, 7096, 7126, 7138, 7162,
7199, 7202, 7207,
7213, 7236, 7268, 7314, 7343, 7347, 7349, 7350, 7424, 8237, 8240, 8242, 843, 8354, 8376,
9433, 9450, 9470,
9607, 9608, 9609, 9610, 9612, 9616, 9617, 9622, 9625, 9630, 9631, 9638, 9642, 9669, 9672,
9701, 9705, 9718,
9723, 9730, 9732, 9735, 9736, 9754, 9758, 9809, 9951, 9952, 9955, 9956, 9958, 9960, 14314,
15591, 15592,
15593, 18694, 19949, 19950, 19951, Dog-4, ICE127, ICE130, ICE138, ICE60, ICE61, ICET1,
ICE73, Koch-1, TueV13,
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88, 108, 139, 159, 265, 350, 351, 403, 410, 424, 428, 430, 628, 630, 763, 765, 766, 768, 772, 801, 870, 915, 932, 991, 992, 997, 1002, 1006, 1066, 1254,
1257, 1313, 1317, 1552, 1829, 1852,
1853, 1872, 1890, 1954, 2016, 2202, 2276, 2278, 2285, 2317, 4779, 4807, 4826, 4857, 4884, 4900, 4939, 4958, 5023, 5104, 5151, 5165, 5236, 5249,
5253, 5276, 5279, 5349, 5353, 5395,
5486, 5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5784, 5798, 5800, 5811, 5822, 5831, 5837, 5856, 5860,
5865, 5867, 5874, 5890, 5893, 5907,
5921, 5950, 5984, 5993, 6008, 6009, 6010, 6011, 6012, 6013, 6017, 6019, 6021, 6022, 6023, 6025, 6030, 6039, 6041, 6042, 6043, 6046, 6064, 6069,
6070, 6071, 6073, 6074, 6076, 6085,
6087, 6088, 6090, 6092, 6094, 6095, 6097, 6098, 6099, 6100, 6101, 6102, 6105, 6106, 6107, 6109, 6111, 6112, 6113, 6114, 6115, 6119, 6122, 6123,
6124, 6126, 6131, 6132, 6133, 6134,
6141, 6151, 6153, 6154, 6163, 6166, 6169, 6173, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6194, 6198, 6201, 6202, 6203, 6209, 6210, 6214,
6216, 6217, 6218, 6220, 6221, 6231,
6235, 6237, 6238, 6240, 6241, 6242, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396, 6413, 6424, 6434, 6445, 6680, 6744, 6830,
6897, 6898, 6900, 6901, 6903, 6904,
6907, 6909, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922, 6923, 6924, 6926, 6929, 6931, 6932, 6933, 6938, 6940, 6943, 6944, 6945, 6951, 6956,
6957, 6958, 6959, 6960, 6961, 6963,
6966, 6967, 6968, 6969, 6970, 6971, 6973, 6974, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6992, 6997, 7000, 7002, 7003, 7008,
7013, 7014, 7025, 7026, 7031, 7033,
7058, 7062, 7063, 7064, 7067, 7068, 7071, 7072, 7077, 7081, 7092, 7094, 7096, 7102, 7103, 7106, 7107, 7109, 7111, 7118, 7120, 7125, 7126, 7127,
7130, 7133, 7138, 7143, 7147, 7158,
7161, 7162, 7163, 7164, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208, 7209, 7213, 7217, 7223, 7231, 7236, 7244, 7250, 7255,
7258, 7268, 7273, 7276, 7280, 7262,
7288, 7296, 7298, 7306, 7314, 7316, 7319, 7320, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7343, 7344, 7347, 7349, 7350, 7353, 7354, 7356, 7372,
7373, 7378, 7382, 7383, 7384, 7387,
7394, 7396, 7404, 7411, 7413, 7415, 7417, 7418, 7419, 7424, 7427, 7430, 7460, 7461, 7471, 7477, 7514, 7515, 7516, 7517, 7520, 7521, 7525, 7529,
7530, 7717, 7767, 7917, 7947, 8214,
8222, 8227, 8230, 8233, 8234, 8235, 8236, 8237, 8238, 8239, 8240, 8241, 8242, 8243, 8247, 8249, 8284, 8285, 8290, 8297, 8306, 8307, 8311, 8312,
8326, 8334, 8337, 8343, 8351, 8354,
8357, 8365, 8366, 8369, 8376, 8386, 8387, 8419, 8420, 8422, 8424, 8426, 9027, 9057, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089,
9091, 9095, 9099, 9100, 9102, 9103,
9104, 9105, 9106, 9111, 9113, 9114, 9115, 9121, 9125, 9128, 9130, 9131, 9133, 9134, 9298, 9312, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352,
9353, 9363, 9369, 9370, 9371, 9381,
9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9395, 9399, 9402, 9404, 9405, 9407, 9408, 9412, 9413, 9421, 9427, 9433, 9436, 9437, 9442, 9450,
9451, 9452, 9454, 9470, 9476, 9503,
9506, 9507, 9508, 9509, 9510, 9511, 9513, 9514, 9515, 9517, 9518, 9519, 9520, 9522, 9523, 9524, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534,
9535, 9537, 9539, 9540, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9548, 9549, 9550, 9551, 9552, 9553, 9554, 9555, 9556, 9558, 9559, 9560, 9561,9569,
9571, 9573, 9574, 9576, 9577, 9578, 9579, 9581, 9582, 9583,
9584, 9585, 9586, 9590, 9591, 9592, 9594, 9595, 9596, 9598, 9599, 9600, 9601, 9606, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617,
9619, 9620, 9621, 9622, 9624, 9625,
9626, 9627, 9628, 9629, 9630, 9631, 9632, 9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645, 9646, 9647, 9648, 9649,
9651, 9653, 9655, 9656, 9657, 9658,
9659, 9660, 9661, 9663, 9664, 9665, 9666, 9667, 9668, 9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685,
9686, 9687, 9689, 9690, 9691, 9692,
9693, 9694, 9695, 9696, 9697, 9698, 9699, 9700, 9701, 9703, 9704, 9705, 9706, 9707, 9708, 9709, 9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718,
9719, 9720, 9721, 9722, 9723, 9725,
9726, 9727, 9728, 9729, 9730, 9731, 9732, 9733, 9735, 9736, 9737, 9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757,
9758, 9759, 9761, 9762, 9764, 9766,
9768, 9769, 9770, 9771, 9772, 9774, 9775, 9776, 9777, 9778, 9779, 9780, 9781, 9782, 9784, 9785, 9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793,
9794, 9795, 9796, 9797, 9798, 9799,
9800, 9801, 9802, 9803, 9804, 9805, 9806, 9807, 9808, 9809, 9810, 9811, 9812, 9813, 9814, 9815, 9816, 9817, 9819, 9820, 9821, 9822, 9823, 9824,
9826, 9827, 9828, 9830, 9831, 9832,
9833, 9834, 9835, 9836, 9837, 9838, 9839, 9843, 9844, 9845, 9847, 9848, 9849, 9850, 9851, 9852, 9853, 9854, 9855, 9856, 9857, 9858, 9859, 9860,
9861, 9862, 9864, 9866, 9867, 9868,
9869, 9870, 9871, 9873, 9875, 9876, 9877, 9878, 9879, 9881, 9882, 9833, 9885, 9886, 9887, 9888, 9890, 9892, 9894, 9895, 9897, 9898, 9899, 9900,
9901, 9902, 9904, 9905, 9906, 9908,
9909, 9910, 9911, 9912, 9914, 9915, 9917, 9918, 9924, 9928, 9929, 9930, 9932, 9933, 9935, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957,
9958, 9959, 9960, 9962, 9963, 9964,
9965, 9966, 9968, 9969, 9970, 9971, 9972, 9973, 9974, 9975, 9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987, 10004, 10005, 10008,
10009, 10010, 10015, 10017, 10018, 10020, 10022, 10027, 14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15503, 18694, 18696, 19949,

R242S* 19950, 19951

470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868
932, 1061, 1062, 1063,

1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797
1819, 1820, 1834, 1835, 1851, 1942, 1943, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108
2141, 2159, 2166, 2171, 2191, 2212, 2239, 2240, 2276, 2286, 2370, 2412, 4840, 5210, 5830
5832, 5836, 6016, 6020, 6024, 6034, 6035, 6036, 6038, 6040, 6077, 6086, 6091, 6096, 6104,
6108, 6118, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149, 6150, 6172, 6174,
6195, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6908, 6927, 6959, 6982, 7008, 7013, 7028
7036, 7058, 7061, 7117, 7160, 7165, 7169, 7248, 7287, 7305, 7306, 7307, 7342, 7346, 7358,
7359, 7377, 7416, 7475, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171
8231, 8246, 8256, 8258, 8259, 8264, 8283, 8335, 8427, 8464, 8483, 8699, 8723, 9058, 9380
9409, 9416, 9453, 9455, 9471, 9481, 9512, 9518, 9520, 9521, 9525, 9536, 9540, 9557, 9562
9564, 9565, 9567, 9568, 9582, 9589, 9591, 9592, 9593, 9594, 9597, 9602, 9722, 9744, 9762
9783, 9830, 9836, 9840, 9841, 9844, 9846, 9850, 9874, 9886, 9888, 9891, 9903, 9906, 9921
Y246C* 9927, 10023, Agu-1, ICE1, Leo-1, Mer-6, Tuescha9,
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470, 476, 484, 504, 506, 531, 544, 546, 680, 681, 685, 687, 728, 742, 853, 854, 867, 868
932, 1061, 1062, 1063

1070, 1158, 1166, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797
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6108, 6118, 6125, 6128, 6136, 6137, 6138, 6140, 6142, 6145, 6148, 6149, 6150, 6172, 6174,
6195, 6739, 6740, 6749, 6750, 6805, 6806, 6814, 6908, 6927, 6959, 6982, 7008, 7013, 7028
7036, 7058, 7061, 7117, 7160, 7165, 7169, 7248, 7287, 7305, 7306, 7307, 7342, 7346, 7358
7359, 7377, 7416, 7475, 7523, 7566, 7568, 7757, 7767, 7917, 8037, 8057, 8077, 8132, 8171
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9783, 9830, 9836, 9840, 9841, 9844, 9846, 9850, 9874, 9886, 9888, 9891, 9903, 9906, 9921
Y279S* 9927, 10023
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APENDICE O - SAPs DA AOX1d DE A. thaliana

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1d DE de 1190
ECOTIPOS DE A. thaliana, EM QUE A MODIFICACAO E INDICADA NA COLUNA
1, SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A
“IDCODE” DOS ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2,
COM OS SAPs QUE MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecdtipos com o SAP especificado na proteina At AOX1d
pP12s* 9722
V13G* 9079, 9591,

159, 428, 628, 997, 1066, 1070, 5210, 5644, 5720, 5757, 5768, 5772, 5830, 5832, 6019, 6020,
6092, 6098, 6100,
6109, 6112, 6180, 6221, 6238, 6413, 6915, 6922, 6933, 6961, 6992, 7058, 7061, 7111, 7126,
7127,7147,7163, 7217, 7268, 7306, 7333, 7342, 7354, 7372, 7382, 7413, 7430, 7471, 8230,
8231, 8242, 8244, 8343, 8366, 8387, 9336, 9639, 9643, 9369, 9388, 9394, 9408, 9412, 9413,
N38D* 9436, 9452, 9454, 9518, 9521, 9525, 9526, 9528, 9532, 9534, 9539, 9541, 9546, 9547, 9557,
9558, 9561, 9562, 9564, 9567, 9568, 9576, 9577, 9582, 9583, 9587, 9588, 9589, 9592, 9594,
9666, 9667, 9668, 9669, 9670, 9672, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9687, 9689,
9690, 9692, 9693, 9707, 9733, 9809, 9822, 9825, 9835, 9840, 9844, 9846, 9848, 9858, 9861,
9867, 9870, 9874, 9876, 9880, 9885, 9886, 9890, 9892, 9897, 9898, 9899, 9901, 9903, 9904,
9912, 9926, 9971, 9972, 9978,
772, 1254, 1257, 1317, 1552, 6016, 6017, 6172, 6173, 6174, 6177, 6184, 6214, 6216, 6217,
6218, 6235, 6237,

6240, 6241, 6244, 6900, 6901, 6917, 6968, 6969, 7067, 7120, 7396, 8326, 8351, 8376, 9386,
9427, 9694, 9695, 9696, 9697, 9699, 9736, 9914, 9974, 9975, 10015, 14312, 14319,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,

T80A* [lstisu-1, Kastel-1,

Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICEL, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
WB89R* |lstisu-1, Kastel-1,

Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
N90Y* |[Istisu-1, Kastel-1,

Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE49, ICE63, ICE7, ICE71, ICE79, ICE93,
P100L* [Istisu-1, Kastel-1,

Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-31, TueV13, Vash-1, Vie-0,
Don-0, Ey15-2, ICE134, ICE163, ICE169, ICE173, ICE181, ICE212, ICE213, ICE226,
ICE228, Ped-0, Qui-0, Sha,

D105N* 9711

T107S 6413

V67D*

D101N*
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K111E*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327,
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9982, 10023, 10027, 14316
15591, 15592, 15593, 18694, 19949, 19950, 19951

K118E*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242,
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835,
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027,
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

T1231*

Cdm-0, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112
ICE119, ICE120,
ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173,
ICE181, ICE212,
ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE50, ICE60, ICE61, ICE70
ICE72, ICE73, ICET75,
ICE91, ICE92, ICE97, ICE98, Koch-1, Ped-0, Pra-6, Qui-0, Sha, Star-8, TueSB30-3, Tuescha9,
TueWal-2,
WalhaesB4, Xan-1, Yeg-0,
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Agu-1, Bak-7, Cdm-0, Del-0, Dog-4, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104,
ICE106, ICE107, ICE111,
ICE112, ICE119, ICE120, ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153,
ICE163, ICE169,
ICE173, ICE181, ICE21, ICE212, ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36
Q125R* ICE49, ICE5O0,
ICE60, ICE61, ICE70, ICE72, ICE73, ICET75, ICE9], ICE92, ICE93, ICE97, ICE98, Kastel-1,
Koch-1, Lag2, Leo-
1, Lerik1-3, Mer-6, Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, Tuescha9,
TueV13, TueWal-
2, Vie-0, WalhaesB4, Xan-1, Yeg-0,

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242,
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835,
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027,
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

T125N

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE49, ICE63, ICE7, ICE71, ICE79, Istisu-1,
Al143T* |Kastel-1, Lag2, Nemrut-
1, Rue3-1-31, Vash-1, Vie-0,

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE49, ICE63, ICE7, ICE71, ICE79, Istisu-1,
Al43V [Kastel-1, Lag2, Nemrut-
1, Rue3-1-31, Vash-1, Vie-0,

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
E147G* | 8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587,
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835,
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9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027,
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951,

G157R* 9509, 9513, 9555,

Cdm-0, Don-0, Ey15-2, Fei-0, HKT2, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112
ICE119, ICE120,
ICE127, ICE130, ICE134, ICE138, ICE150, ICE152, ICE153, ICE163, ICE169, ICE173,
ICE181, ICE212,
L180F ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE50, ICE60, ICE61, ICE70
ICE72, ICE73, ICE75,
ICE91, ICE92, ICE97, ICE98, Kastel-1, Koch-1, Ped-0, Pra-6, Qui-0, Sha, Star-8, TueSB30-3,
Tuescha9, TueWal-
2, WalhaesB4, Xan-1, Yeg-0,

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327,
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

L196F
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430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343,
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587,
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

P199S*

F208S* Bak-2, ICE7, ICE63, ICE7, ICET71, ICE73, ICE79, Istisu-1, Nemrut-1, Vash-1,

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343,
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587,
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

F208L
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Y218N*

430, 628, 1062, 1063, 1158, 1166, 1829, 1925, 2202, 5151, 5165, 5210, 5830, 5831, 5836,
5837, 5860, 6009
6010, 6025, 6034, 6036, 6038, 6040, 6041, 6042, 6043, 6046, 6064, 6069, 6073, 6074, 6077
6088, 6091, 6098, 6101, 6104, 6109, 6118, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154,
6163, 6166, 6169, 6189, 6193, 6203, 6209, 6220, 6221, 6231, 6238, 6252, 6268, 6276, 6911
6922, 6931, 6933, 6940, 6958, 6970, 6975, 6979, 7003, 7025, 7026, 7028, 7058, 7061, 7062,
7063, 7072, 7103, 7111, 7117, 7119, 7164, 7177, 7183, 7192, 7217, 7255, 7258, 7273, 7327
7342, 7346, 7349, 7350, 7353, 7382, 7471, 7516, 7517, 7917, 8222, 8230, 8231, 8236, 8242
8244, 8307, 8311, 8312, 8335, 8343, 8354, 8366, 8419, 8424, 8427, 9057, 9075, 9081, 9089,
9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9114, 9121, 9321, 9323, 9332, 9336, 9343,
9352, 9353, 9388, 9399, 9404, 9405, 9407, 9408, 9433, 9442, 9452, 9476, 9481, 9518, 9521
9524, 9525, 9526, 9528, 9530, 9531, 9532, 9533, 9534, 9539, 9541, 9543, 9544, 9545, 9546
9547, 9552, 9557, 9560, 9561, 9562, 9564, 9567, 9568, 9574, 9576, 9577, 9582, 9585, 9587,
9588, 9592, 9594, 9598, 9626, 9627, 9628, 9638, 9644, 9664, 9665, 9677, 9678, 9691, 9701
9704, 9705, 9706, 9710, 9711, 9716, 9723, 9725, 9727, 9731, 9739, 9744, 9749, 9754, 9756
9757, 9761, 9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9815, 9817
9820, 9821, 9822, 9825, 9831, 9835
9839, 9840, 9844, 9859, 9861, 9866, 9867, 9869, 9870, 9874, 9876, 9880, 9885, 9886, 9890,
9898, 9899, 9901, 9904, 9905, 9915, 9924, 9939, 9958, 9979, 9987, 10005, 10023, 10027
14318, 15591, 15592, 15593, 18696, 19949, 19950, 19951

Y218C*

Don-0, Ey15-2, ICE134, ICE169, ICE173, ICE181, ICE212, ICE213, ICE226, ICE228, Ped-0,
Qui-0, Sha, Xan-1,

R231C*

932, 6908, 9503, 9921

R231L*

9670, 9672,

E238K*

9686

A240T*

5349, 7282, 9717, 9768, 9790, 9793

D252E

Don-0, Ped-0, Qui-0,

D274H*

139, 350, 351, 430, 628, 772, 1062, 1063, 1158, 1166, 1254, 1257, 1317, 1552, 1829, 1925
2202, 5151, 5165

5210, 5720, 5748, 5768, 5772, 5800, 5830, 5831, 5836, 5837, 5860, 5874, 5890, 5921, 6008
6009, 6010, 6016, 6017, 6021, 6022, 6025, 6030, 6034, 6036, 6038, 6040, 6041, 6042, 6043
6046, 6064, 6069, 6070, 6073, 6074, 6077, 6088, 6091, 6094, 6098, 6101, 6104, 6109, 6118,
6122, 6125, 6132, 6133, 6136, 6140, 6150, 6153, 6154, 6163, 6166, 6169, 6172, 6173, 6174,
6177, 6184, 6189, 6193, 6203, 6209, 6214, 6216, 6217, 6218, 6220, 6221, 6231, 6235, 6237
6238, 6240, 6241, 6244, 6252, 6268, 6276, 6424, 6445, 6900, 6901, 6911, 6915, 6917, 6922
6931, 6933, 6940, 6945, 6958, 6961, 6968, 6969, 6970, 6975, 6979, 6984, 7000, 7003, 7025
7026, 7028, 7058, 7061, 7062, 7063, 7067, 7072, 7102, 7103, 7111, 7117, 7119, 7120, 7147
7164, 7169, 7177, 7183, 7192, 7217, 7218, 7223, 7244, 7250, 7255, 7258, 7273, 7298, 7305,
7306, 7327, 7337, 7342, 7346, 7347, 7349, 7350, 7353, 7382, 7396, 7424, 7430, 7460, 7461
7471, 7516, 7517, 7566, 7917, 8222, 8230, 8231, 8236, 8242, 8244, 8285, 8290, 8307, 8311
8312, 8335, 8343, 8351, 8354, 8366, 8376, 8386, 8387, 8419, 8424, 8426, 8427, 9057, 9070
9075, 9079, 9081, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9105, 9111, 9113, 9114, 9115
9121, 9321, 9323

9332, 9336, 939, 9343, 9352, 9371, 9386, 9388, 9399, 9404, 9405, 9407, 9408, 9427, 9433,

9437, 9442, 9452

9470, 9476, 9481, 9509, 9513, 9515, 9518, 9521, 9523, 9524, 9525, 9526, 9528, 9530, 9531
9532, 9533, 9534, 9539, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9549, 9550, 9552, 9554,
9555, 9557, 9558, 9559, 9560, 9561, 9562, 9564, 9567, 9568, 9569, 9571, 9574, 9576, 9577
9581, 9582, 9585, 9587, 9588, 9589, 9591, 9592, 9593, 9594, 9596, 9597, 9598, 9600, 9609
9622, 9626, 9627, 9628, 9630, 9638, 9644, 9664, 9665, 9676, 9677, 9678, 9684, 9685, 9686
9687, 9691, 9694, 9695, 9699, 9701, 9704, 9705, 9706, 9707, 9710, 9711, 9716, 9719, 9723,
9725, 9727,9731, 9736, 9838, 9739, 9741, 9744, 9749, 9754, 9756, 9757, 9758, 9759, 9761
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9762, 9770, 9774, 9777, 9781, 9782, 9788, 9797, 9803, 9806, 9809, 9810, 9815, 9817, 9820,

9821, 9822, 9825, 9831, 9832, 9835, 9837, 9838, 9839, 9840, 9844, 9845, 9846, 9848, 9851,

9856, 9857, 9858, 9859, 9861, 9866, 9867, 9869, 9870,

9871, 9873, 9874, 9876, 9877, 9878, 9879, 9880, 9885, 9886, 9887, 9890, 9895, 9897, 9898,

9899, 9901, 9903,

9904, 9905, 9912, 9915, 9924, 9926, 9939, 9953, 9958, 9975, 9978, 9979, 9982, 9987, 10004,
10005, 10015, 10020, 10023, 10027, 14312, 14318, 14319, 15591, 15592, 15593, 18694,

19949, 19950, 19951,

E310K*

Agu-1, Bak-2, Bak-7, Del-10, Dog-4, ICE1, ICE21, ICE36, ICE49, ICE63, ICE7, ICET71,
ICE79, ICE93, Istisu-1, Kastel-1, Lag?2, Leo-1, Lerik1-3, Mer-6, Nemrut-1, Niel-2, Rue3-1-
31, TueV13, Vash-1, Vie-0, WalhaesB4,
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APENDICE P - SAPs DA AOX2 DE A. thaliana

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX2 DE de 1190
ECOTIPOS DE A. thaliana, EM QUE A MODIFICACAO E INDICADA NA COLUNA
1, SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A
“IDCODE” DOS ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2,
COM OS SAPs QUE MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

Ecétipos com a modificacdo de AA especificada na proteina da At_AOX2

SAPs
S27Y* 9534, 9855, 9861,
S60C* 6019
H62Q* 9542
801, 915, 2171, 2317, 4958, 5023, 5104, 5353, 5486, 5726, 5741, 5748, 5768, 5772, 5779, 5811,
6138, 6180,
6897, 6898, 6907, 6909, 6915, 6938, 6940, 6945, 6958, 6979, 6981, 6982, 6984, 7000, 7008,
7031, 7036, 7062,
7064, 7067, 7117, 7119, 7120, 7158, 7164, 7192, 7199, 7202, 7208, 7218, 7244, 7255, 7276,
S75N | 7296, 7314, 7337,
7343, 7344, 7347, 7383, 7384, 7387, 7415, 7418, 7419, 7430, 8243, 8290, 8297, 8312, 8337,
8366, 8420, 9111, 9408, 9470, 9529, 9551, 9574, 9649, 9655, 9663, 9698, 9699, 9701, 9713,
9717, 9718, 9722, 9761, 9774, 9777, 9805, 9806, 9807, 9828, 9830, 9835, 9837, 9908, 9909,
9910, 9911, 9912, 9914, 9929, 9938, 9965, 9566, 9983, ICE107, ICE111, ICE112, ICE29, ICE97,
ICE9S,
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88, 108, 139, 159, 265, 351, 403, 410, 424, 428, 430, 470, 476, 484, 504, 506, 531, 544, 546, 628, 630, 680, 681, 685, 687, 728, 742, 763, 765, 766, 768, 772,
801, 853, 854, 867, 868, 915,
932, 991, 992, 1063, 1066, 1070, 1158, 1166, 1254, 1257, 1313, 1317, 1552, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819,
1820, 1834, 1835, 1851, 1852,
1853, 1872, 1890, 1925, 1942, 1943, 1954, 2016, 2017, 2031, 2053, 2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2202, 2212, 2239, 2240,
2276, 2278, 2285, 2286, 2317,
2370, 2412, 4807, 4826, 4840, 4857, 4884, 4900, 4939, 4958, 5023, 5104, 5151, 5165, 5210, 5236, 5249, 5253, 5276, 5279, 5349, 5353, 5395, 5486, 5577,
5644, 5651, 5717, 5718, 5720,
5726, 5741, 5748, 5757, 5768, 5772, 5776, 5779, 5798, 5800, 5811, 5822, 5830, 5831, 5832, 5837, 5856, 5860, 5865, 5867, 5874, 5890, 5893, 5907, 5921,
5950, 5984, 5993, 6008, 6009,
6010, 6011, 6012, 6013, 6016, 6017, 6020, 6021, 6022, 6025, 6030, 6034, 6035, 6036, 6038, 6039, 6041, 6042, 6043, 6046, 6064, 6069, 6070, 6071, 6073,
6074, 6076, 6085, 6086, 6087,
6088, 6090, 6092, 6094, 6095, 6096, 6097, 6099, 6100, 6101, 6102, 6105, 6107, 6109, 6111, 6113, 6115, 6119, 6122, 6123, 6124, 6125, 6128, 6132, 6133,
6138, 6149, 6150, 6151, 6153,
6154, 6163, 6166, 6169, 6172, 6173, 6174, 6177, 6180, 6184, 6188, 6189, 6191, 6192, 6193, 6195, 6198, 6202, 6209, 6210, 6214, 6216, 6217, 6218, 6220,
6221, 6231, 6235, 6237, 6238,
6240, 6241, 6242, 6243, 6244, 6252, 6255, 6258, 6268, 6276, 6284, 6296, 6390, 6396, 6413, 6424, 6434, 6445, 6680, 6739, 6740, 6744, 6749, 6750, 6805,
6806, 6814, 6830, 6897, 6898,
6900, 6901, 6903, 6904, 6907, 6908, 6909, 6911, 6913, 6915, 6917, 6918, 6919, 6920, 6922, 6923, 6924, 6926, 6927, 6929, 6931, 6932, 6933, 6938, 6940,
6944, 6945, 6951, 6956, 6957,
6958, 6959, 6960, 6963, 6966, 6967, 6968, 6969, 6970, 6971, 6973, 6975, 6976, 6979, 6981, 6982, 6984, 6986, 6987, 6989, 6990, 6992, 7000, 7002, 7003,
7008, 7013, 7025, 7026, 7028,
7031, 7033, 7036, 7058, 7061, 7062, 7063, 7064, 7067, 7068, 7071, 7072, 7077, 7081, 7094, 7096, 7103, 7106, 7107, 7109, 7111, 7117, 7119, 7120, 7125,
7126, 7130, 7133, 7138, 7147,
7158, 7160, 7161, 7162, 7163, 7164, 7165, 7169, 7177, 7181, 7183, 7186, 7192, 7199, 7202, 7203, 7207, 7208, 7209, 7213, 7218, 7223, 7231, 7236, 7244,
7248, 7255, 7258, 7268, 7273,
7276, 7280, 7287, 7288, 7296, 7298, 7305, 7307, 7314, 7319, 7322, 7323, 7327, 7328, 7332, 7333, 7337, 7342, 7343, 7344, 7346, 7347, 7349, 7350, 7354,
7358, 7359, 7372, 7373, 7377,
7378, 7382, 7383, 7384, 7387, 7394, 7396, 7404, 7411, 7413, 7415, 7416, 7417, 7418, 7419, 7424, 7427, 7430, 7460, 7461, 7471, 7475, 7477, 7514, 7515,
7516, 7517, 7520, 7521, 7523,
7566, 7568, 7717, 7757, 7767, 7917, 7947, 8037, 8057, 8077, 8132, 8222, 8227, 8231, 8233, 8234, 8235, 8236, 8238, 8239, 8241, 8242, 8243, 8244, 8246,
8256, 8264, 8283, 8284, 8285,
8290, 8297, 8306, 8307, 8311, 8312, 8326, 8334, 8337, 8343, 8351, 8354, 8357, 8365, 8366, 8376, 8386, 8387, 8419, 8420, 8422, 8424, 8426, 8427, 8464,
8483, 8699, 8723, 9027, 9057,
* 9058, 9067, 9069, 9070, 9075, 9078, 9079, 9081, 9084, 9085, 9089, 9091, 9095, 9099, 9100, 9102, 9103, 9104, 9105, 9106, 9111, 9113, 9114, 9115, 9121,
876': 9125, 9128, 9130, 9131, 9133,
9134, 9298, 9314, 9321, 9323, 9332, 9336, 9339, 9343, 9352, 9353, 9363, 9369, 9370, 9371, 9381, 9382, 9383, 9386, 9388, 9390, 9391, 9392, 9394, 9402,
9404, 9405, 9407, 9408, 9412,
9413, 9416, 9427, 9433, 9436, 9442, 9451, 9452, 9470, 9476, 9481, 9503, 9506, 9507, 9508, 9509, 9510, 9511, 9512, 9513, 9514, 9515, 9517, 9518, 9519,
9520, 9521, 9522, 9523, 9524,
9525, 9526, 9527, 9528, 9529, 9530, 9531, 9532, 9533, 9534, 9535, 9536, 9537, 9539, 9540, 9541, 9542, 9543, 9544, 9545, 9546, 9547, 9548, 9549, 9550,
9551, 9552, 9553, 9554, 9555,
9556, 9557, 9558, 9559, 9561, 9562, 9564, 9568, 9569, 9573, 9574, 9576, 9577, 9578, 9579, 9581, 9582, 9583, 9584, 9586, 9587, 9588, 9589, 9592, 9593,
9594, 9595, 9596, 9597, 9598,
9599, 9600, 9601, 9602, 9606, 9607, 9608, 9609, 9610, 9611, 9612, 9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627, 9628, 9629,
9630, 9631, 9632, 9633, 9634,
9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9644, 9645, 9646, 9647, 9648, 9649, 9651, 9653, 9655, 9656, 9657, 9658, 9659, 9660, 9661, 9663,
9664, 9665, 9666, 9667, 9668,
9669, 9670, 9671, 9672, 9673, 9676, 9677, 9678, 9679, 9680, 9681, 9682, 9683, 9684, 9685, 9686, 9687, 9689, 9690, 9691, 9692, 9693, 9694, 9695, 9696,
9697, 9698, 9699, 9700, 9701,
9703, 9704, 9705, 9706, 9707, 9708, 9709, 9710, 9711, 9712, 9713, 9714, 9716, 9717, 9718, 9719, 9720, 9721, 9722, 9723, 9725, 9726, 9727, 9728, 9729,
9730, 9731, 9732, 9733, 9735,
9736, 9737, 9738, 9739, 9741, 9743, 9744, 9745, 9747, 9748, 9749, 9754, 9755, 9756, 9757, 9758, 9759, 9761, 9762, 9764, 9766, 9768, 9769, 9770, 9771,
9772, 9774, 9775, 9776, 9777,
9778, 9779, 9780, 9781, 9782, 9783, 9784, 9785, 9786, 9787, 9788, 9789, 9790, 9791, 9792, 9793, 9794, 9795, 9796, 9797, 9798, 9799, 9800, 9801, 9802,
9803, 9804, 9805, 9806, 9807,
9808, 9809, 9810, 9811, 9812, 9813, 9814, 9815, 9816, 9817, 9819, 9820, 9822, 9823, 9824, 9825, 9826, 9828, 9830, 9832, 9833, 9834, 9835, 9836, 9837,
9839, 9840, 9841, 9843, 9844,
9845, 9846, 9848, 9849, 9850, 9851, 9852, 9855, 9856, 9857, 9859, 9860, 9861, 9862, 9864, 9866, 9867, 9868, 9869, 9870, 9871, 9873, 9874, 9876, 9877,
9878, 9879, 9881, 9882, 9883,
9885, 9886, 9887, 9888, 9890, 9891, 9892, 9897, 9898, 9899, 9900, 9901, 9902, 9903, 9904, 9905, 9906, 9908, 9909, 9910, 9911, 9912, 9914, 9915, 9918,
9921, 9925, 9926, 9927, 9928,
9929, 9930, 9932, 9933, 9935, 9937, 9938, 9939, 9951, 9952, 9953, 9955, 9956, 9957, 9958, 9959, 9960, 9962, 9963, 9964, 9965, 9966, 9968, 9969, 9970,
9971, 9972, 9973, 9974, 9975,
9976, 9978, 9979, 9980, 9981, 9982, 9983, 9984, 9985, 9986, 9987, 10004, 10005, 10008, 10009, 10010, 10015, 10017, 10018, 10020, 10022, 10023, 10027,
14312, 14313, 14314, 14315, 14318, 14319, 15560, 15591, 15592, 15593, 18694, 18696, 19949, 19950, 19951, Agu-1, Bak-2, Bak-7, Cdm-0, Del-10, Dog-4,
Don-0, Ey15-2, HKT2, ICE1, ICE102, ICE104, ICE106, ICE107, ICE111, ICE112, ICE119, ICE120, ICE127, ICE130, ICE134, ICE138, ICE150, ICE152,
ICE153, ICE163, ICE169, ICE173, ICE181, ICE21, ICE212, ICE213, ICE216, ICE226, ICE228, ICE29, ICE33, ICE36, ICE49, ICES0, ICE60, ICE61, ICEE3,
ICE7, ICE70, ICET71, ICE72, ICE73, ICET75, ICE79, ICE91, ICE92, ICE93, ICE97, ICE98, Istisu-1, Kastel-1, Koch-1, Lag2, Leo-1, Lerik1-3, Mer-6, Nemrut-1,
Niel-2, Ped-0, Pra-6, Qui-0, Rue3-1-31, Sha, Star-8, TueSB30-3, TueV13, TueWa-2, Vash-1, Vie-0, WalhaesB4, Xan-1, Yeg-1,

350, 870, 997, 1002, 1006, 1061, 1062, 1829, 4779, 5784, 5836, 6019, 6023, 6024, 6040, 6077
6091, 6098, 6104,
6106, 6108, 6112, 6114, 6118, 6126, 6131, 6134, 6136, 6137, 6140, 6141, 6142, 6145, 6148
6194, 6201, 6203, 6943, 6961, 6974, 6997, 7014, 7092, 7102, 7127, 7143, 7217, 7250, 7282
7306, 7316, 7320, 7353, 7356, 7525, 7529, 7530, 8171, 8214, 8230, 8237, 8240, 8247, 8249
8258, 8259, 8335, 8369, 9312, 9380, 9395, 9399, 9409, 9421, 9437, 9450, 9453, 9454, 9455,
9471, 9560, 9565, 9567, 9571, 9585, 9590, 9591, 9821, 9827, 9831, 9838, 9847, 9853, 9854,
9858, 9875, 9880, 9894, 9895, 9917, 9920, 9924, Fei-0, Tuescha9,

E81V*

V89G* 7207
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M128I

801, 915, 4958, 5104, 5353, 5486, 5726, 5741, 5748, 5757, 5768, 5772, 5779, 5811, 6138, 6180
6897, 9898,
6907, 6909, 6938, 6940, 6945, 6958, 6979, 6981, 6984, 7000, 7031, 7036, 7064, 7067, 7117
7119, 7120, 7158, 7161, 7164, 7192, 7199, 7202, 7208, 7244, 7255, 7314, 7337, 7343, 7344,
7347, 7383, 7387, 7415, 7418, 7419, 7430, 7477, 8243, 8290, 8297, 8312, 8337, 8366, 9111,
9470, 9529, 9551, 9574, 9649, 9655, 9663, 9698, 9699, 9701, 9713, 9717, 9718, 9722, 9774,
9777, 9806, 9807, 9828, 9830, 9835, 9837, 9908, 9909, 9910, 9911, 9914, 9929, 9938, 9965,
9966, 9983, 9985, ICE107, ICE111, ICE112, ICE29, ICE97, ICE98

D152E

6956, 6957, 9644, 9739, 9930,

K153E*

5165, 5210, 6424, 7319, 9067, 9079, 9081, 9084, 9085, 9089, 9091, 9099, 9530, 9535, 9646
9647, 9660, 9661
9716, 9726, 9873, 9891, 9906, ICE120, Istisu-1, Xan-1,

R1725*

9653

M190V

Cdm-0, Mer-6,

M194T*

410, 428, 763, 765, 766, 768, 772,991, 992, 1070, 1158, 1313, 1890, 1925, 1954, 2016, 5837

5865, 5867, 6008
6009, 6011, 6012, 6016, 6017, 6021, 6041, 6042, 6073, 6087, 6096, 6097, 6099, 6111, 6119
6188, 6189, 6192, 6193, 6195, 6198, 6214, 6216, 6217, 6242, 6243, 6252, 6255, 6268, 6276
6296, 6390, 6413, 6434, 6830, 6903, 6917, 6918, 6929, 6931, 6932, 6963, 6975, 6976, 6987,
7068, 7072, 7077, 7096, 7106, 7177, 7183, 7209, 7213, 7231, 7236, 7258, 7323, 7346, 7349
7350, 7354, 7372, 7373, 7378, 7382, 7394, 7396, 7413, 7471, 7516, 7517, 8222, 8231, 8236
8241, 8283, 8343, 8354, 8365, 8386, 8419, 8424, 9057, 9069, 9070, 9075, 9078, 9095, 9100,
9102, 9104, 9105, 9114, 9115, 9121, 9125, 9128, 9130, 9131, 9133, 9134, 9339, 9352, 9353,
9369, 9370, 9381, 9382, 9383, 9402, 9412, 9413, 9442, 9476, 9507, 9510, 9511, 9512, 9514,
9519, 9522, 9537, 9541, 9544, 9578, 9587, 9589, 9597, 9607, 9608, 9609, 9610, 9611, 9612
9613, 9615, 9616, 9617, 9619, 9620, 9621, 9622, 9624, 9625, 9626, 9627, 9628, 9631, 9632,
9633, 9634, 9635, 9636, 9637, 9638, 9639, 9640, 9641, 9642, 9643, 9651, 9657, 9659, 9691
9694, 9695, 9696, 9697, 9703, 9704, 9705, 9706, 9708, 9710, 9711, 9721, 9728, 9729, 9730,
9735, 9737, 9738, 9744, 9745, 9755, 9756, 9757, 9758, 9759, 9778, 9782, 9785, 9793, 9796,
9800, 9813, 9819, 9846, 9860, 9874, 9883, 9900, 9903, 9915, 9918, 9951, 9952, 9955, 9956,

9960, 9962, 9974, 9975, 9980, 9986, 10008, 10009, 10010, 10015, 10018, 10022, 14312, 14313,

14314, 14315, 14318, 14319, 15560, 15590, 15591, 15592, 15593, 18694, 18696

K1991*

9719

S200L*

430

12117T*

Bak-2, Bak-7, Cdm-0, Del-10, Dog-4, ICE102, ICE127, ICE130, ICE138, ICE150, ICE152,
ICE153, ICE21,

ICE212, ICE213, ICE33, ICE36, ICE60, ICE61, ICE63, ICE70, ICE72, ICE73, ICE75, ICE91

ICE93, Kastel-1, Koch-1, Mer-6, Nemrut-1, Niel-2, Sha, Star-8, TueSB30-3, Vash-1, Yeg-1,

P234S*

424, 1254, 1257, 5830, 5890, 5921, 5950, 5993, 6090, 6284, 6445, 7003, 7025, 7103, 7126
7186, 7207, 7268
7273, 7298, 7411, 7460, 7514, 7521, 7523, 7566, 8227, 8235, 8387, 9390, 9391, 9392, 9451
9452, 9645, 9664, 9665, 9667, 9668, 9670, 9676, 9677, 9678, 9684, 9685, 9686, 9687, 9689,
9690, 9692, 9693, 9727, 9769, 9770, 9771, 9772, 9776, 9779, 9781, 9783, 9784, 9786, 9787
9788, 9789, 9791, 9792, 9794, 9795, 9797, 9798, 9799

9801, 9802, 9803, 9808, 9814, 9815, 9933, 9973, 9979, 10027, 19949, 19950, 19951, Ey15-2,
ICE163, ICE181, ICE79, WalhaesB4,
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L240P*

9841

E274G*

350, 628, 630, 870, 932, 997, 1002, 1006, 1061, 1062, 1829, 1835, 1851, 4779, 4807, 4826
5784, 5836, 6019
6023, 6024, 6040, 6077, 6098, 6104, 6106, 6108, 6112, 6114, 6118, 6125, 6126, 6131, 6134,
6136, 6137, 6140, 6141, 6142, 6145, 6148, 6194, 6201, 6203, 6904, 6908, 6926, 6943, 6959
6974, 6992, 6997, 7013, 7014, 7092, 7102, 7127, 7130, 7143, 7169, 7217, 7250, 7282, 7306,
7307, 7316, 7320, 7332, 7353, 7356, 7525, 7529, 7530, 8171, 8214, 8230, 8237, 8240, 8247
8249, 8258, 8259, 8334, 8335, 8369, 9312, 9380, 9395, 9399, 9409, 9421, 9437, 9453, 9454,
9455, 9471, 9560, 9565, 9567, 9569, 9571, 9579, 9585, 9590, 9591, 9596, 9709, 9821, 9827,
9831, 9838, 9847, 9853, 9854, 9875, 9880, 9881, 9895, 9912, 9917, 9920, 9921, 9924, Fei-0,
Tuescha9, TueWal-

21

E274D

9651

N288H*

9548, 9824,

P349S*

9069, 9070, 9075, 9078, 9095, Vash-1
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APENDICE Q - SAPs DA AOX1a DE O. sativa

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1a DE de 90
ECOTIPOS DE 0. sativa, EM QUE A MODIFICACAO E INDICADA NA COLUNA 1,
SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS
ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SAPs QUE

MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecd6tipos com a modificacdo de AA especificada na proteina da Os_AOX1la
T21P* Toboshi, NeangPhton,

T25A* Kazalath, Dyaniul,

F38V TOS7564, Hakphaynha,

A40G* DenPaozha, Hakphaynha, Basmati217,

G42R* Basilanon, Basmati217,

V48G* UryBoota, CicihBeton, Lac23,

L51wW>* UryBoota, CicihBeton, Moritawase,

S55A* FR13A, Jene035, Basmati217, Moritawase,

S57A* Pokkali, FR13A,

Dinolores, Malagkit, Moroberekan, CicihBeton, CaneladeFerro, BicoBranco, 63N104,

*
K7IN Lac23, PadiPerak, Kahei, Masho, Phulba,

D97N* Aswina, FR13A, Rathuwee, Jhona345, NP125, Hasawi, Kasalath, MUHA, BadariDhan,

AnjanaDhan,

C105R* NeangPhton, Basmati217,

185H* Dinolores, SonaChur,
Q
T192A* Issamo, Moroberekan,
T192P* MacanBinundok, Moritawase,
G226R* DholaAman, MUHA, Basilanon,
L238V Issamo, TOS7564,

Malagkit, Karasukara, DholaAman, JC93, Sintane, PANKAHARI203, IR58, Basilanon,
F242L DengPaoZha,
QiuZaoZhon, Phulba,

Malagkit, Karasukara, DholaAman, JC93, PANKAHARI203, ChitrajDA23, IR58, Naba,

*
S257P Basilanon, DengPaoZha, Basmati217, Phulba,
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Malagkit, Karasukara, DholaAman, JC93, PANKAHARI203, ChitrajDA23, IR58, Naba,

*
F2eLY Basilanon, DengPaoZha, Basmati217, Phulba,
L2665l Malagkit, Karasukara, DholaAman, JC93, ChitrajDA23, PSBRC1, IR58, Naba,
DengPaoZha, Phulba,
D271E Malagkit, IR29, QuiZaoZhon, NP125,
A277P* DholaAman, JC93, IR58,
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APENDICE R - SAPs DA AOX1c DE O. sativa

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1c DE de 90
ECOTIPOS DE 0. sativa, EM QUE A MODIFICACAO E INDICADA NA COLUNA 1,
SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS
ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SAPs QUE

MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecétipos com a modificacdo de AA especificada na proteina da Os_AOX1c
L10P* ARC7229, PANKHARI203,

L11P* Sintane, PANKHARI203,

H13P PANKHARI203, BadariDhan,

S22T PSBRC1, Rayada,

G37R* Toboshi, Davaol,

V43G* FL478, Toboshi, Davao, FR13A, Jene035,

A4TG* FR13A, Dianyul,

MTU9, Gumpangar, CO18, IR29, MacanBinundok, Rathuwee, JC93, PaNTouNHung,
L50R* | Sintane, FL478, IR58,
P660, Bleiyo, Toboshi, Davaol, Vandaran, Kemasin, NeangPhton,

S53pP* SiAdulo, ChitrajDA23,

Ab54P* SiAdulo, ChitrajDA23,

A56P* SiAdulo, ChitrajDA23,

T61A* Issamo, TOS7564,

N67T Vandaran, Jene035,
W116G* MUHA, Hakphaynha,

L133R* LinJinag, CHAHORA144,

V156M IR6421, JC148, Pokkali, Hasawi,

G185S5* BicoBranco, Rayada,

R194H* MacanBinundok, TOS7564, BicoBranco, Basilanon,
H198Q* Gumpangar, Issamo, IR29, Sintane, Naba, QiuZaoZhon, Jene035,
G201D* JC149, TOS7564, DengPaoZha, Toboshi,

R203H* CO018, Moroberekan, Pokkali, PSBRC1, Basilanon,




N212H* NP125, Rayada,
H216D* Tadukan, NeangPhton,
M221L IR29, FR13A
V223A | CO18, ARC7229, SinnaSithiraKali, SonaChur, C9285, PadiPerak, Basmati217, Akage,
K225N* [ IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI1105, AnjanaDhan,
NeangPhton,
R227K | IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
NeangPhton,
MTU9, UryeeBoota, TakSiah, Dinolores, SiAdulo, Issamo, CO18, Malagkit, ARC7229,
Aswina, Swarna,
Moroberekan, LinJiang, IR6421, FR13A, Gompa, MacanBinundok, Nabeshi,
Karasukara, JC148, JC149,
Rathuwee, JC91, Pokkali, CicihBeton, TOS7564, SinnaSithiraKali, PaNTouNHung,
SonaChur, ChitrajDA23,
A232T* | Jhona349, Tadukan, NonaBroka, FL478, BicoBranco, PSBRC1, IR58, Binulawan,
P660, CHAHORA144,
63N104, LAC23, Hasawi, Kasalath, C9285, Naba, Basilanon, DengPaoZha,
QiuZaoZhon, Bleiyo, Kemasin,
BadariDhan, PadiPerak, Kahei, Basmati217, Akage, Moritawasep, SHINRIKIMO,
HuNLoNTao,
Moritawaseu,
A236T* | IR29, Shinchiku, DholaAman, Sintane, NP125, KHAODAWKMALI105, AnjanaDhan,
NeangPhton,
V2371 C018, ARC7229, SinnaSithiraKali, FL478,
V237D* Rathuwee, TOS7564, Bleiyo,
MTU9, UryeeBoota, TakSiah, Dinolores, Issamo, CO18, Malagkit, KuNMin,
ARC7229, Aswina, Swarna,
Moroberekan, LinJiang, IR6421, FR13A, Gompa, MacanBinundok, Nabeshi,
Karasukara, JC148, JC149,
Rathuwee, JC93, JC91, Pokkali, CicihBeton, TOS7564, SinnaSithiraKali,
PaNTouNHung, SonaChur,
G239R* ChitrajDA23, Jhona349, Tadukan, NonaBroka, FL478, BicoBranco, NP125, Keritin,
MUHA, Binulawan,
P660, CHAHORA144, 63N104, LAC23, Hasawi, Kasalath, C9285, Naba, Basilanon,
DengPaoZha,
QiuZaozhon, Bleiyo, Kemasin, BadariDhan, PadiPerak, Masho, Hakphaynha, Rayada,
Jene035, Kahei, Basmati217, Akage, Moritawasep, SHINRIKIMO, HUNLoNTao,
Moritawaseu,
A244T* UryeeBoota, Issamo, IR29, JC93, SinnaSithiraKali, FL478, FR13A
L2471 JC93, SinnaSithiraKali, ChitrajDA23, FL478, FR13A,
G248s* CicihBeton, Naba, Bleiyo,
E284D LinJiang, FR13A, Rayada,

202



P287R

Dinolores, IR6421, MacanBinundok, Pokkali, PANKHARI203, IR58, Davaol, Rayada,
Jene035, Kahei, Phulba,

pP289S*

Dinolores, Kahei, Phulba,

203



APENDICE S — SAPs DA AOX1d DE O. sativa

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1d DE de 90

204

ECOTIPOS DE 0. sativa, EM QUE A MODIFICACAO E INDICADA NA COLUNA 1,
SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS
ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SAPs QUE

MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs

Ecdtipos com a modificacdo de AA especificada na
proteina da Os_AOX1d

F19S*

SiAdulo, Malagkit, Hasawi, Rayada,

Y255*

Rayada, NeangPhton, Moritawaseu,

AS5P*

AnjanaDhan, Hakphaynha,

E59D

AnjanaDhan, Dianyul,

P68T*

Issamo, TOS7564,

T140A*

Jene035, NeangPhton,

V141G*

Hasawi, Hakphaynha, Dianyul, Moritawaseu,

S143A*

Hakphaynha, Moritawaseu,

L144p*

Hakphaynha, Moritawaseu,

W192R*

FR13A, Moritawaseu,

L196P*

FR13A, Moritawaseu,

E201G*

FR13A, Jene035,

Y264S*

ARC7229, CHAHORA144,
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APENDICE T — SAPs DA AOX1e DE O. sativa

SAPs ENCONTRADOS NA SEQUENCIA PROTEICA DA AOX1e DE de 90
ECOTIPOS DE 0. sativa, EM QUE A MODIFICACAO E INDICADA NA COLUNA 1,
SEGUINDO OS PADROES DEN DUNNEN E ANTONARAKIS (2001), E A “ID” DOS
ECOTIPOS MUTANTES ESTAO INDICADOS NA COLUNA 2, COM OS SAPs QUE

MUDARAM DE CLASSE INDICADOS POR ASTERISCO (*)

SAPs Ecdtipos com a modificagdo de AA especificada na proteina da Os_AOX1e
ROL* Shinchiku, Sintane,

V24G* KuNMin, Shinchiku, DholaAman, Dianyul,

S30P* Shinchiku, Jhona349, Keriting,

V32G* Jhona349, Keriting, SHINRIKIMO,

L39R* Rathuwee, Keriting,

UryeeBoota, Gumpangar, SiAdulo, CO18, KuNMin, IR29, Aswina, Swarna, IR6421,
MacanBinundok,
R41Q* JC148, Rathuwee, JC91, Pokkali, SinnaSithiraKali, Jhona349, Tadukan, NonaBroka,
FL478, PSBRC1, IR58, KHAODAW, P660, Keriting, Hasawi, Vandaran, Kemasin,
BadariDhan, PadiPerak, Nivara,

V50G* SiAdulo, CO18, Moroberekan, CaneladeFerro,
R58P CO018, Dianyul,
F59L C0O18, JC149, CaneladeFerro, LAC23, SHINRIKIMO, Dianyul,
V65G* CO018, Rathuwee, CaneladeFerro, KHAODAW, LAC23, AnjanaDhan, NeangPhton,
Dianyul,
V70G* Tadukan, Keriting,
T71A* CaneladeFerro, C9285,
A9OE* DholaAman, HUNLontAO,
V107G* SinnaSithiraKali, AnjanaDhan,
W108G* Jhona349, DengPaoZha,
W110G* Aswina, Jhona349, Rayada,
S111A* SinnaSithiraKali, Jhona349,
Al78G* SiAdulo, Jhona349, PSBRC1, Jene035,

W196G* Dinolores, Nabeshi,
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Y239S* ChitrajDA23, NonaBroka,

Y243S* JC149, NonaBroka,

F249S* CaneladeFerro, PANKHARI203,

Y256S* PaNTouNHung, PANKHARI203, Naba, QuiZaoZhon,
E258G* IR6421, PaNTouNHung, Naba, QuiZaoZhon, FR13A,
E259G* PaNTouNHung, Naba, QuiZaoZhon,
V262G* Davaol, Jene035,

Y289S* ARC7229, 63N104, Bleiyo,

L292p* KuNMin, ARC7229, NeangPhton,

A294p* QiuZaoZhon, NeangPhton,

R299T* JC93, Rayada, Phulba,

D300A* CicihBeton, MUHA,

V301A CicihBeton, FR13A, Rayada,

M303L QiuZaoZhon, Rayada,

D308A* QiuZaoZhon, Hakphaynha,
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APENDICE U — CONEXOES GEOGRAFICAS DA AOX1C

CONDICOES GEOGRAFICAS (ALTITUDE, CLIMA, PLUVIOSIDADE) DE 1190
ECOTIPOS DE ARABIDOPSIS ASSOCIADOS A POLIMORFISMOS DE UM
UNICO NUCLEOTIDEO ENCONTRADOS NOS GENES DA AOX1C NAS
POSICOES 161, 165, 186 E 242 EM RELACAO A REFERENCIA COLUMBIA-0. OS
ECOTIPOS IGUAIS A REFERENCIA ESTAO REPRESENTADOS COM O AA
MOSTRADO A FRENTE DA POSICAO DE INTERESSE (W186), ENQUANTO OS
ECOTIPOS MUTANTES APRESENTAM O AA MUTADO REPRESENTADO
TAMBEM (W186R). CSA - TEMPERADO UMIDO COM VERAO QUENTE E
SECO; CSB - TEMPERADO UMIDO COM VERAO SECO E TEMPERADO; CFA -
TEMPERADO UMIDO COM VERAO QUENTE; CFB - TEMPERADO UMIDO
COM VERAO TEMPERADO; CFC - TEMPERADO UMIDO COM VERAO
FRESCO; DSA - CONTINENTAL COM VERAO QUENTE E CHUVAS NO
INVERNO; DSB - CONTINENTAL COM VERAO AMENO E CHUVOSO; DFA -
FRIO TEMPERADO COM VERAO QUENTE; DFB - FRIO TEMPERADO COM
VERAO TEMPERADO; DFC - FRIO TEMPERADO COM VERAO FRESCO; BWH -
REGIOES DESERTICAS QUENTES; BSK ESTEPE FRIA; BSH - ESTEPE
QUENTE.

Modificagdes de AA no gene At_ AOX1c

Altitude (m)

Clima

Pluviosidade
(mm3/ano)

At_A161&
G165

At_AL61E&
G165R

At_W186

At W186R

At_R242

At_R242S

Csa

300 a 500

Mer-6,

9900

9900, Mer-
6

9900, Mer-6,

500 a 700

6933,
6971,
7067,
9099,
9526,
9559,
9856,
9507,
9573,

6970

9095,
9515

9817,

9510,

8264,

9521,9511,
9512, 9535,
9647, 9906,

8264,
9647,

9535,

6933, 6970,
6971, 7067,
9095, 9099,
9515, 9521,
9526, 9559,
9817, 9856,
9507, 9510,
9511, 9512,
9573, 9906,

8264, 9535,
9647, 9512,
9521,

6933,
6971,
7067,
9099,
9515,
9559,
9817,
9507,

9510, 9511,

9573, 9906,

6970
9095
9526,

9856
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6296,
7427,9070,
9075, 9089,
9727, 7319, 9091,
9648, 9509, 9725,
9651, 9657 9717, 6296,
9658’ ! 9727, 9798, 7427,9070,
' 9800, 9075, 9089,
gggi 9864, 8243, 7068, 9091, 9509,
) 7077,
9965, 9980, 7081, 7319, 9725,
8243, 62969981, 9067, 9717, 97217,
7427, 9983, 9984, 9069, 9078, 9798,
9070, 9075)5165, 9651, 9800, 8243
9089, 6296, 6933, 9655, 9659, 18243, 964817068,
9091, 95096970, 9660, 9657, 7077, 7081
9725, 6971, 6979, gggi 9725|9658, 9661, | 7319,
9717, 97987067, 9920, 9930, |9864.,9965, 9067, 9069,
9800, 7068, 7077, 9933, 9980, 9078,
8243, 7068)7081, 9964, 9983, 9981, (9651, 9655,
7077, 7177, 9078, 9984, ICE107, (9659,
7081, 90679089, ICE106, ICE119, 9660, 9663,
ICE112 9726
9069, 9091, 9095, , ICE9L, ’
9078, 9655/9099 8243, 9648)ICE97, ICE92, |9929, 9930,

! 1 ! 9657 ICE150, 9933
9659, 9113,9298, ["ooen oge1 |ICELS2 9891, ’

9660, 9663[9402, og6acoss, | |IcEss  [ICEL0S, 9964, 9983,
s700 9726 9507, 9509, |goe™ . [IcE9S, ICE112, 9984,

9929, 9930)9510, : Leriki-3,  |ICE97, 9095, 9099,

9933, 9515, 9526, 9981, Xan-1,9095, [ICE150,  [9113,

9964, 9554, ICE107,  |9099, ICE152, 9298, 9402

ICE106, [9550, 9573 ICEL19, 10113,9298, [)cE153,  [9507,

* 2903 1cEo1, ICE92 {9402, 9509 9510

ICE107 9607 ICE9S, , ,
! ! 9507, 9509, . 9515
ICE112,  |9610, 9611, 9510 Lerik1-3, ,

* 9526 9554

ICE119, 9612, 9515, 9526, |Xan-1, Don- ' 1
ICE91, 9615, 9616, 9554, 0, |5

ICE92, |9625, 9559,9573, |icp1o7 9273 9607,

CE97, 19629, 9717, 22%19611 ICE130, 3212’ 9612
ICE150,  |9725, 010,901 | Vi, (2010 ,
ICE152,  |9747,9781, 9615 9616, | ICE138, '

ICE153,  [9817, IR 9616, 9625,
9625, ICE71, 9629
ICE9S, 9856, 9951, 9629, 9717 ’

- 9717, 9717 9725
Lerik1-3, 9952, 9725, , |
Xan-1, 9955, 9956, 9747, 9781, 9741,

9957, 9817, 9781, 9817
9959, Don-0, 9856, 9951, 9856,
9952 9951 9952
ICE127, , ; :
ICE130 9955, 9956, 9955,
ICE134 9957, 9956, 9957
' 9959, Don-0, 9959
|CE138, ICE127, !
ICET1, ICE130,
ICE134,
ICE138,
ICE71,
7306, 9585, 7350, 7383, 7350, 7383,
Csb > 700 Fei0, 7350, 7332 Fei-0, 7332, | 7306, 9585, |Fei-0, 7332,| 7306, 9585,

7383,

9699, 9705, | oo goo- 9699, 9705, 9699, 9705,
3002500 | 9710,9709,|goo *°°" | 9870, 9985, | 9710, 9987, | 9870, 9985, | - 9710, 9987,

, 9709,
9709,

Col-0_ref,

7327, 7327, 9594, 7327, 9594,

9719, 7328, o es7 |colo ref 9719
5002700 8357, 9504 Col-0_ref, |/328 8357, el (7308, 8357

9708, 9617 9708, Kastell,  fq708

! ! 9617, 10018, '
10018, Kastell, 9617, 10018,

Kastel-1,
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Cfa 628, 7025,
9664,
9665, 9676,
ggg . 628, 7025, 9664,
9685, gggg’ 9676,
9664, 9676, 3232 9687, 9678, 9684
9677, ’ ’ ’
9821, 9895, 19678, 9691, oors 3222’ 9687
628, 9694, 9979, 544, 9694, '
7025, 96659695, 9975, 545, 630, 660, 9691, 9976, [ gaoc g7eg
9684, 9979, 681 685, 687 ||CEL63, 070
9685, 9686, |544, 546, 680 728, 742 801|ICE216, 9975, 9919, 630,
742, 801
9687, 97509, |68, 6730, 544, 546, ’
630, 801, |685, 687, 728 6740, 6805, 630, ;gg; 7417,
7207, 7477|742, 6806, 680, 681, 9519’ 9666
3337, 6739, 6740, | 9691, 9976, [7207, 7477, 685, ’ )
>700  los19. 96696805, ICE163, e 10 | 687.728 9667,
9672, 6806, 8246, [ICE216, oase, 742, gggg 9669,
9679, 96809666, 9667, 9668, 6739, 6740 9671Y 9672
9681, 9667, 9668, 9660, 6805, podhe )
9682, 9683, [9670, 9670, 9671, |6806, 8246, [2673;
ICE163,  |9671, 9673, 9672, ICE212, 9679 9680,
ICE212 9689, 9673,9679, | ICE213, |268L.
ICE213, 9690, 9692, 9680, IcE7o, |%682 9683
9693 9681, 9682, 9689,
ICE216, ,
CE79, [9696,9970 9683, 9690, 9692
ICETS, postihatie 9689, 9690, 9693,
' 9692,
9974, 9976, 9693, 9696 9696, 9970
9970, 9973,
0973, 9974, 9974, 9821,
ICE212, 9895,
ICE213,
ICE79,
9821, 9895,
6074, 6088, 6074, 6088,
300a500 000 9% 352 9as3, 9352, 6087, 9352, 6087,
cfb ' 9353, 9353,
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500 a 700

997, 1002
1006,6019, 6023,
6098, 6106, 6112,
6114,

6126, 6131, 6134,
6141,

6203, 6292, 6943,
6974,

7223, 7282, 7320,
8214,

8237, 8247, 8249,
9395,

9399, 9437, 9450,
9454,

9924, 5151, 5831,
6008,

6021, 6022, 6041,
6042,

6073, 6094, 6101,
6109,

6132, 6133, 6189,
6193,

6252, 6268, 6276,
6922,

6940, 7000, 7062,
7273,

7424, 7516, 7517,
8222,

8242, 8290, 8307,
8343,
9057, 9343, 9408,
9442,
9452, 9476, 9736,
9741,
9749, 9754, 9756
10020, 88,
410, 991, 992, 1066,
5023,
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Bsk | 300a500 | 9833 cdm-0,| 9836 9833,9836,  |cgm-0, Vash-1, | %°°% ggg’g 9833,
Vash-l, CdmO, Vash-l, y
9831,
ICE150,
ICE152
' 9523, 9574, 9859, 9523, 9574, 9859,
ICEL33, 0843, 0882, | 'SELS0.  oge1 og7s, o551, ICEL50.  loge1, 9878, 9551
3002500 [9523,  9574) 0o ICE152, |oe0s ogee. oo8 ICE182, |goie’ gorc
9859, ' ICE153,9843 (™ 000» os31 | ICE153, 9843, ' '
o861  9878] 9831, 9882, 9902, 9831,
9551,
c 9606, 9855,
sa 6961, 9530] 9530, 9555, 6929,
9555, 9530, 9555, 6929, 6963, 9529, 9556,
6929, 6963 6963, 9529, 9556, 9579, 9583, 9830,
5002700 |00y 9762, 9830, 9762 9576, 9583, 9330, 9762 6961,
9556, 9579 6961,
9583,
9543, 9761, 9543, 9761, 9838,
9543, 9761, 9838,
>700 | 7373, Dog-4, [ 9838, 9764, 9764 7373 Doga. | 9764 Dog-4, 7373,
9079, 9081 9079, 9081, 9533,
9533, 9531 9576 9079, 9081, 9533, 9542, 9552, 9561,
9542, 9552, 9592, ' 9542, 9552, 9561, 9531 9553|9576, 9592,
9561, ' 9576, 9592, 9822, 9595' 9822 9867, 9897
300a500 o822, 9867|2820 9904, | 9581, 9553, 1007 407 go0a, | 200> 9904 9084, 9085
9553, 9595, 9820, 9820, 9841, Ped- : : :
9897, 9084, 9085, 9584, 9584. 9849, 9881
9595, 9841, 9841, 9849, 9881 0, ’ ’ ’
9084, 9085, ' ' : 9888
9584, 9888, Ped-O, 9888, Ped-0, ’
9849, 9881,
9858, 9508
Csb 9871,
9885, 9905 9598, 9871, 9885, 9598, 9871, 9885,
500 a 700 |7033, 9905, 7033, 9527, Pra-6, 9905, 7033, 9527,
9527, 9828, 9828, Pra-6, 9858, 9828, 9858,
Pra-
6,
9539, 9569
9963 9539, 9569, 9982,
> 700 \CE111  |9982. 9578, 9578, 9963, 9966, | ICE111, ICE93,{9539, 9569, 9982,
" 19966, ICE111, ICE®3, | Nemrut-1, [9578, 9963, 9966,
ICE93, Nemrut-1,
Nemrut-1,
cfa | 500a700 7416 7416 7416
9587, 9589, 9528,9532,9587, | geos geos
Cfo ] 300a500 | 9528,9532, |9840, 9520, 9589, 9840, 9520, goec’ oo’ (9528, 9532, 9520,
9536, 9536, , '
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9546, 9564,
9593, 9546, 9549, 9564,
9549, 97069597, 9846, 9593, 9597, 9706, |9722, 9564)9546, 9549, 9706,
9707, 9866, 9707, 9716, 9846, |9593, 9707, 9716, 9866,
5002700 |9716, 9898/9874, 9901, 9722 9866, 9874, 9898, |9597, 98469898, 9901, 9601,
9718, 9903, 9901, 9903, 9601, |9874, 9697, 9718, 9819,
9819, Leo-1, |9601, 9697, 9697, 9718, 9819, | 9903, Leo-1, 9860, 9883,
9722, 9860, 9883, Leo-1,
9860, 9883,
9524, 9525,
9557,
9565, 9567,
9568,
9577, 9588,
9591, 9524, 9525, 9550,
9886, 9588, 9851, 9876, 9850
9550, 9581|9890, 9894, 9877, 9899, 8297, "o 000 9524, 9550, 9581,
' {9899 9599, 9824 - |9851, 9876, 9877,
9851, ’ ICE226, |CE29, Vie 0, 9899 8297. 9599
9877, 8297)9850,7192,10827,  9577)icE228,  9565)7218, 9525(" daos o501
>700 9599 7218, 9850, 9567, 9557, 98947192 7223
9824, 7223, 7396, | 9886, 9890, |9591, 9894, 7192, |9565, 9567 ! '
ICE226, |7427, ICE29, Vie-0,|7218, 7223, 739, (9568, 7396, 7427, 7460,
ICE228, [7460, 7461, 7427, 7460, 7461, | 9588, |CE226, | /461, 7471, 8243,
ICE29. Vie-0.|7471, 7471, 8243, 9067, |CE22’8 |CE72' 9067, 9069, 9070,
8243, 9067, 9069, 9070, 9075, ICE75, Istisu-1, 9075, ,
9069, 172 ICETl i och-1, Mer-5,
9070, 9075, 1, Koch-1, Mer-6,
ICE72,
ICE75,
Istisu-1,
Koch-1,
Mer-6,
<300 768 768 768
9125, 9128 9125, 9128,
9130, 9130, 9131, 9125, 9128, 9130,
300500 [° 07 g135 9133,9134,Yeg{  Ye9'L o131 9133 0134,
9134, Yeg-1, 1,
9121,Bak-2,
500 a 700 |Bak-2, Bak-7, 9121 Bak- Bak-2, Bak-7, 9121
Dfb 7,
> 700 7298, 7333, 7298, 7333, 7298, 7333,
300 8 500 7%22* ?‘6‘24' 7183, 8424, 765, 7183, 8424, 765,
;100 766, 9766, 766, 9766,
9766,
Dsa
10008, 9745, 10008, 9745, 10008,
500 a 700 9745 10009, 10009, 10010, 10009, 10010,
10010,
<300 772 772 772
Dsh
300 a 500 763 763 763
9758, 10015,
<300 9758, Sha, 10015 Sha, Sha, 9758, 10015,
BSk
300 a 500 9887 9887 9887
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APENDICE V — CONEXOES GEOGRAFICAS DA AOX1D E AOX2

CONDICOES GEOGRAFICAS (ALTITUDE, CLIMA, PLUVIOSIDADE) DE 1190
ECOTIPOS DE ARABIDOPSIS ASSOCIADOS A POLIMORFISMOS DE UM
UNICO NUCLEOTIDEO ENCONTRADOS NOS GENES DA AOX1D E AOX2 NAS
POSICOES 274 E 76, RESPECTIVAMENTE EM RELACAO A REFERENCIA
COLUMBIA-0. 0S ECOTIPOS IGUAIS A REFERENCIA ESTAO
REPRESENTADOS COM O AA MOSTRADO A FRENTE DA POSICAO DE
INTERESSE (W186), ENQUANTO OS ECOTIPOS MUTANTES APRESENTAM O
AA MUTADO REPRESENTADO TAMBEM (W186R). CSA - TEMPERADO UMIDO
COM VERAO QUENTE E SECO; CSB - TEMPERADO UMIDO COM VERAO
SECO E TEMPERADO; CFA - TEMPERADO UMIDO COM VERAO QUENTE;
CFB - TEMPERADO UMIDO COM VERAO TEMPERADO; CFC - TEMPERADO
UMIDO COM VERAO FRESCO; DSA - CONTINENTAL COM VERAO QUENTE E
CHUVAS NO INVERNO; DSB - CONTINENTAL COM VERAO AMENO E
CHUVOSO; DFA - FRIO TEMPERADO COM VERAO QUENTE; DFB - FRIO
TEMPERADO COM VERAO TEMPERADO; DFC - FRIO TEMPERADO COM
VERAO FRESCO; BWH - REGIOES DESERTICAS QUENTES; BSK ESTEPE
FRIA; BSH - ESTEPE QUENTE.

Modificacdes de AA nos

especificados

genes

At_AOX1d At_AOX2

Pluviosidade

Altitude (m) | Clima | (mm%ano) At_D274 At_D274H At_S76 At_ST6F

300 a 500 9900, Mer-6, 9900, Mer-6,

6933, 6970, 6971,
7067,
8264, 9095, 9099,

Csa

500 a 700

6971, 8264, 9507,

9510, 9511, 9512,

9535, 9573, 9647,
9906,

6933, 6970, 7067,
9095, 9099, 9515,
9521, 9526, 9559,

9817, 9856,

9515,
9521, 9526, 9559,
9817,
9856, 9507, 9510,
9511,

9647, 9906,

9512, 9535, 9573,




8243, 7068, 7077,
7081, 7319, 8243,
9067, 9069, 9078,
9648, 9651, 9655,
9657, 9658, 9659,
9660, 9661, 9663,
9726, 9864, 9891,
9929, 9930, 9933,

9070, 9075, 9089,
9091,

9509, 9725, 9727,
6296,

7427,9717, 9798,
9800,

ICE150, ICE152,
ICE153,

9095, 9099, 9113,
9298,

9402, 9507, 9509,
9510,

9515, 9526, 9554,

6296, 7427,9070, 9075, 9089
9091,

9509, 9725, 9717, 9727, 9798,
9800, 8243, 7068, 7077, 7081,
7319, 9067, 9069, 9078, 9648,
9651, 9655, 9657, 9658, 9659,
9660, 9661, 9663, 9726, 9864,
9891, 9929, 9930, 9933, 9964,
9965, 9980, 9981, 9983, 9984,

ICE106, ICE107, ICE112,
ICE119, ICE1, ICE92, ICE97,
ICE150,

> 700 9964, 9965, 9980, [9559, 8243 ICE152, ICE153, ICE9S,
0981, 9983, 9984, |9573, 9607, 9610, Lerik1-3,
ICEle IC’E107 " lo611, Xan-1, 9095, 9099, 9113,
) ' 9298,
ICE112, ICE119, gg%é 9615, 9616, 9402, 9507, 9509, 9510, 9515,
ICE91, ICE92, ' 9526, 9554, 9559, 9573, 9607,
ICE97 9629, 9717, 9725, 9610, 9611, 9612, 9615, 9616,
o 9747, 9625, 9629, 9717, 9725, 9747,
ICE98, Lerik1-3, [9781, 9817, 9856, 9781, 9817, 9856, 9951, 9952,
Xan- 9951, 9955, 9956, 9957, 9959, Don-
1, 9952, 9955, 9956, 0,
9957, ICE127, ICE130, ICE134,
9959, Don-0, ICE127, ICE138, ICET1,
ICE130, ICE134,
ICE138, ICE71,
> 700 7332, 7383, Fei-0, | 7306, 7350, 9585, | 7306, 9585, 7350, 7332, 7383,
Fei-0,
9699, 9705, 9710, 9699, 9705, 9710,
300 a 500 9709, 9985, 9870, 9987, 9870, 9987, 9709,
9985,
Col-0_ref, 7328, 7327, 9594, 9719,
8357, 7328,
500 a 700 9708, 9617, 10018, 7327,9594, 9719, | Col-0_ref, 8357, 9708, 9617,
Kastel-1, 10018, Kastel-1,
544, 546, 630, 680, 323,67025, 9664, 9665,
681, !
685, 687, 728, 742, gg;g 9678, 9684, 9685)
801, !
6739, 6740, 6805, gsg;’ 9691, 9694, 9695,
6806 !
' 9975, 9979, 544, 546, 630,
Cfa J207, 471, 8245, 680, 681, 685, 687, 728
8337, 628, 7025, 9664) gy o OIS BRI 1ES
Sosy, 006, 9667, 19665, 801, 6739, 6740, 6805,
9669' 9670, 9671 9676, 9677, 9678, 6806,
> 700 9672’ ’ ' |9684, 9685, 9686, | 9821, 9895, |7207, 7477, 8246, 8337
' 9687, 9691, 9694, 9519,
oay 9% oses 9750, 9821 9666, 9667, 9668, 9669,
' ' ' ' 9670,
gggg 9683, 9689,  |9895, 9975, 9979, 9671 9672, 9673, 967
! 9680,
gg%' 9693, 9696, 9681, 9682, 9683, 9689
’ 9690,
Iggéi’GS 9974, 9976, 9692, 9693, 9696, 9970,
ICE2;L2 ICE213 9973, 9974, 9976, ICE163,
. ! ICE212, ICE213, ICE216,
ICE216, ICE79, ICET9,
6074, 6088, 9352,
300 a 500 6087, 9353, 6074, 6088, 9352,

6087, 9353,
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0 a400

Cfb

500 a 700

88, 410, 991, 992, 997,
1002,

1006, 1061, 1066, 1070,
5023,

5104, 5236, 5249, 5253,
5276,

5279, 5349, 5717, 5776,
5832,

5865, 5867, 6019, 6020,
6023,

6024, 6035, 6039, 6090,
6092,

6095, 6096, 6097, 6099,
6100,

6243, 6102, 6105, 6106,
6107,

6108, 6111, 6112, 6113,
6114,

6115, 6123, 6124, 6126,
6128,

6131, 6134, 6137, 6138,
6141,

6142, 6145, 6148, 6149,
6151,

6188, 6191, 6192, 6194,
6195,

6198, 6201, 6202, 6255,
6258,

6284, 6292, 6390, 6396,
6413,

6904, 6907, 6908, 6919,
6920,

6923, 6924, 6943, 6944,
6951,

6956, 6957, 6966, 6967,
6973,

6974, 7013, 7031, 7064,
7071,

7092, 7094, 7106, 7107,
7109,

7125, 7130, 7133, 7161,
7163,

7181, 7203, 7209, 7231,
7276,

7282, 7287, 7320, 7343,
7354,

7404, 7415, 7419, 8214,
8234, 8235, 827, 5238,
8241, 8247,

8249, 8283, 8306, 8326,

8365,
8420, 8422, 9058, 9381,
9382,
9383, 9390, 9391, 9392,
9394,
9395, 9409, 9412, 9413,
9416,
9421, 9436, 9450, 9451,
9453,
9454, 9455, 9471, 9720,
9721,
9737, 9748, 9755, 9920,
9921,
9925, 9935, 9937, 9938
10017,

Del-10, ICE1, ICE21,

ICE36, ICEG3,

1062, 1063, 1158,
1166, 5151, 5156,
5210, 5768, 5830,
5831, 5836, 6008,
6021, 6022, 6034,
6036, 6038, 6040,
6041, 6042, 6043,
6046, 6073, 6094,
6098, 6101, 6109,
6122, 6125, 6132,
6133, 6140, 6150,
6189, 6193, 6203,
6252, 6268, 6276,
6922, 6940, 6958,
7000, 7062, 7119,
7120, 7147, 7164,
7217, 7223, 7244,
7273, 7305, 7346,
7424, 7516, 7517,
8222, 8230, 8231,
8242, 8244, 8290,
8307, 8312, 8343,
8387, 8426, 8427,
9057, 9343, 9399,
9408, 9437, 9442,
9452, 9476, 9481,
9736, 9741, 9749,
9754, 9756, 9924,
9926, 10004,
10005, 10020,

997, 1002,
1006, 1061,
1062,
5836, 6019,
6023, 6024,
6040,
6091, 6098,
6106, 6108,
6112,
6114, 6126,
6131, 6134,
6137,
6140, 6141,
6142, 6145,
6148,
6194, 6201,
6203, 6292,
6943,
6974, 7092,
7217, 7223,
7282,
7320, 8214,
8230, 8237,
8247,
8249, 9395,
9399, 9409,
9421,
9437, 9450,
9453, 9454,
9455, 9471,
9920, 9924,

1063, 1158, 1166, 5151, 5156,
5210, 5768, 5830, 5831, 6008,
6021, 6022, 6034, 6036, 6038,
6041, 6042, 6043, 6046, 6073,
6091, 6094, 6101, 6109, 6122,
6125, 6132, 6133, 6150, 6189,
6193, 6252, 6268, 6276, 6922,
6940, 6958, 7000, 7062, 7119,
7120, 7147, 7164, 7244, 7273,
7305, 7346, 7424, 7516, 7517,
8222, 8231, 8242, 8244, 8290,
8307, 8312, 8343, 8387, 8426,
8427, 9057, 9343, 9408, 9442,
9452, 9476, 9481, 9736, 9741,
9749, 9754, 9756, 9926,
10004,
10005, 10020, 88, 410, 991,
992,
1066, 1070, 5023, 5104, 5236,
5249, 5253, 5276, 5279, 5349,
5717, 5776, 5832, 5865, 5867,
6020, 6035, 6039, 6090, 6092,
6095, 6096, 6097, 6099, 6100,
6243, 6102, 6105, 6107, 6111,
6113, 6115, 6123, 6124, 6128,
6138, 6149, 6151, 6188, 6191,
6192, 6195, 6198, 6202, 6255,
6258, 6284, 6390, 6396, 6413,
6904, 6907, 6908, 6919, 6920,
6923, 6924, 6944, 6951, 6956,
6957, 6966, 6967, 6973, 7013,
7031, 7064, 7071, 7094, 7106,
7107, 7109, 7125, 7130, 7133,
7161, 7163, 7181, 7203, 7209,
7231, 7276, 7287, 7343, 7354,
7404, 7415, 7419, 8234, 8235,
8238, 8241, 8283, 8306, 8326,
8365, 8420, 8422, 9058, 9381,
9382, 9383, 9390, 9391, 9392,
9394, 9412, 9413, 9416, 9436,
9451, 9720, 9721, 9737, 9748,
9755, 9921, 9925, 9935, 9937,
9938, 10017, Del-10, ICE1,
ICE21, ICE36, ICES63,
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108, 159, 265, 4779,
4807,
4826, 4840, 4857, 4884,
4900,
4939, 4958, 5353, 5395,
5486,
5577, 5644, 5651, 5718,
5726,
5741, 5757, 5779, 5784,
5798,
5811, 5822, 6086, 6680,
6897,
6898, 6959, 6960, 6976,
6982,
6986, 6987, 6989, 6990,
6992,
6997, 7002, 7008, 7014,

139, 350, 351, 430,

139, 351, 430, 5720, 5748,
5772,
5800, 6136, 6945, 6975, 7003,
7026, 7028, 7058, 7061, 7111,
7117, 7169, 7258, 7337, 7342,
7382, 7430, 8366, 8386, 9644,
9757, 9770, 9774, 9777, 9797,
9798, 9800, 9803, 9806, 9809,
9810, 9815, 9912, 9915,

7088 5720, 5748, 5772, 350. 4779 108, 159 2222471'807 4826
7096, 7138, 7143, 7158, , , , 159, 265, 4807, 4826,
7162, 5800, 6945, 6975, | 204 6136, 4840,
7165, 7199, 7202, 7208, | 7003, 7026, 7028, 6997 7014 4857, 4884, 4900, 4939, 4958,
7248, 7058, 7061, 7102, ) + | 5353, 5395, 5486, 5577, 5644,
7268, 7280, 7307, 7314, {7111 7117. 7169 7102, 7143, |s651, 5718, 5726, 5741, 5757,
7316, ' ' " | 7218, 7250, |5779. 5798, 5811, 5822, 6088,
7378, 7384, 7387, 8239, | 218, 7250, 7258, 7316, 7353, | 6680, 6897, 6898, 6959, 6960,
> 700 8256, 7337, 7342, 7353, ' ' | 6976, 6982, 6986, 6987, 6989,
8258, 8259, 9298, 9312, 8258, 8259, 6990, 6992, 7002, 7008, 7036,
7382, 7430, 8366
9314, ! ! * | 9312, 9571, |7096, 7138, 7158, 7162, 7165,
9503, 9500, 9645, 9747, |8386, 9571, 9644, | 001" 901" 17109, 7202, 7208, 7248, 7268,
9768, 9757, 9770, 9774, 9853, 98541 7280, 7307, 7314, 7378, 7384,
9769, 9771, 9776,9779, | 9777 9797 9798 ' » | 7387, 8239, 8256, 9298, 9314,
9780, 9800’ 98O3Y 9806Y 9875, 9917, |9503, 9645, 9747, 9768, 9769,
9784, 9790, 9791, 9792, ' ' | Tuescha9, [9771, 9776, 9779, 9780, 9784,
9793, 9809, 9810, 9815, 9790, 9791, 9792, 9793, 9794,
g;g;t‘ 9801, 9804, 9805, 19912 9915, 10027, 9801, 9804, 9805, 9807, 9808,
: 9811, 9812, 9814, 9816, 9823,
3222‘ 9811, 9812, 9814, 9908, 9909, 9910, 9914, 9918,
9823, 9847, 9853, 9854, igg;,zgsgslggslzégig 9972,
9875, ICE173, '
gg(l’g' 9909, 9910, 9914, Rue3-1-31, Star-8, TueSB30-3|
! TueV13, TueWal-2,
gg%i 9927, 9928, 9932, WalhaosBa,
9972, 10022, Ey15-2,
ICE169,
ICE173, Rue3-1-31,
Star-8,
TueSB30-3, Tuescha9,
Tuevis,
TueWal-2, WalhaesB4,
Cfc > 700 10023 10023
470, 476, 484, 504, 7566, 7917, 470, 476,
506, 484,504, 506, 531,
531, 853, 854, 867, 853,
868, 854, 867, 868, 915,
870, 915, 932, 1612, 932,
1552 L8 17 1612, 1622, 1676,
1756, 1757, 1793, 1739, 1741, 1756,
1797, 1757,
1819, 1820, 1834, 1793, 1797, 1819,
1835, 1820,
2031, 2053, 2057, 1834, 1835, 2031,
2159, 2053,
2166, 2171, 2239, 870, 1829, 2057 2159 2166
Dfa >700 |0 i | 1829, 7566, 7017, | 135019251507y
, \ , 7529, 7530,
6744, a7 [2239, 2240, 2317,
6814, 6927, 7356, 2370,
7358, 2412, 6744, 6814,
7359, 7475, 7514, 6927,
7515, 7358, 7359, 7475,
7523, 7525, 7529, 7514
7530, 7515, 7523, 7568
7568, 7717, 7757, ! ! !
7767, 7717,
7947, 8037, 8057, 7757, 7767, 7947,
8077, 8037,
8132, 8171, 8233, 8057, 8077, 8132,
8464, 8233,
8483, 8699, 8723, 8464, 8483, 8699,
9027, 8723, 9027,
9619, 9620, 9621, 9619, 9620, 9621,
Dfb <300

9640, 9642, 9643,

9640, 9642, 9643,
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9608, 9613, 9617,

8351, 8354, 96009,

9624, 9631, 9632, 9638,
9633, 9634, 9635, 9608, 9613, 9624,
9636, 9637, 9639, 9631,
9641, 9955, 9956, 9632, 9633, 9634,
300a500 J9960, ICE6O, 8351, gggg 9609, 9617 9635,
ICE61, : 9636, 9637, 9639,
9641,
9955, 9956, 9960,
ICE®0, ICE61, ICE70,
ICE73,
1254, 1257, 1317, 1552,
1254, 1257, 1317, 5860,
1552, 6009, 6016, 6017, 6030,
5860, 6009, 6016, 6064,
1313, 5856, 6071, 6017, 6077, 6104, |6069, 6070, 6153, 6154,
6076, 6085, 6119, 6030, 6064, 6069, 6118, 7127, 6163,
6180, 6242, 6938, 6070, 8240 8335 6166, 6169, 6172, 6173,
6077, 6104, 6118, ’ + 16174,
6981, 7126, 7127, | 5153, 8369, 9380, |6177, 6184, 6220, 6221,
7186, 7236, 7296, | 6154, 6163, 6166, | 9402, 9607, |6231,
7322, 7323, 7394, | 6169, 9610, 9611, [6240, 6241, 6244, 6968,
7413, 8227, 8240, |6172,6173,6174,  [9612, 9615, |6969,
8334, 8369, 9369, 6177, 9616, 9625, 7072, 7255, 7347, 8376,
9363, 9369, 9370, | 61846220, 6221, [gg59 g5y, 8419,
5002700 |9380, 9402, 9607, |52 9952, 9957, | 2321, 9323, 9332, 9336,
! ’ ' 16240, 6241, 6244, ! ' 19339,
9610, 9611, 9612, | gogg, 9959, 9404, 9405, 9407, 9427,
9615, 9616, 9625, | 6969, 7072, 7255, ICE127, 9433,
9629, 9951, 9952, | 7347, ICE130, 9470, 9622, 9626, 9627,
9957, 9959, 8335, 8376, 8419, ICE134, 9628,
ICE127, 9321, ICE138, 9630, 9744, 9953, 9958,
9323, 9332, 9336, 1313,
:ggigg' |C$éfé47,l 9339, ICE|Z:]E7Z 5856, 6071, 6076, 6085,
! ' 9404, 9405, 9407, 6119,
ICE72, 0427 ICE7S, 6180, 6242, 6938, 6981,
ICE75, Koch-1, |9433, 9470, 9622, Koch-1, 7106,
9626, 7186, 7236, 7296, 7322
9627, 9628, 9630, 7323,
9744, 9953, 9958, 7394, 7413, 8227, 8334,
9363, 9369, 9370,
1651, 1652, 1851, 1925, 2202, 1651,
1852, 1853, 1872, 1652,
1890, 1942, 1943, 1851, 1852, 1853,
1954, 2016, 2017, 1872,
2081, 2091, 2106, 1890, 1942, 1943,
2108, 2141, 2191, 1954,
sq00 |2212:2276.2278 | 1gp5 200 2016, 2017, 2081,
2285, 2286, 6749, 2091,
2106, 2108, 2141,
2191,
2212, 2276, 2278,
2285,
2286, 6749, 6750,
6926, 7160, 7377,
6010, 6025, 6209,
6214,
6216, 6217, 6218,
6235
6010, 6025, 6209, *
6011, 6012, 6013, | 6214, 6216, 6217, gggz 6238, 6900,
6210, 6913, 6918, | 6218, 6235, 6237, ’
7288, 14313, 6238, 6900, 6901, 6917, 9371, 9386,
Dfc 500 a 700 9388,

14314, 6917, 9371, 9386, 14312, 14318, 14319
14315, 15560, 9388, 14312, 18604 6011 6012
18696, 14318, so1z o

14319, 18694, 6210, 6913, 6918,
7288,
14313, 14314, 14315,
15560, 18696,
BWh <300 6911, 7063, 6911, 7063,
BSk | 300a500 9534, 9879, 9534, 9879,
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400 a 700

9513, 9518, 9544,

9513, 9518, 9544,

9545, 9600, 9825, 9545,
9832, 9845, 9848, 9600, 9825, 9832,
9514, 9602, 9834, 9857, 9939, 9845,
3002500 9852, 9862, 9848, 9857, 9939,
9514,
9602, 9834, 9852,
9862,
Csa 9541, 9835, 9837,
9506, 9508, 9522, | 9541, 9560, 9835, 9873,
5002700 o537 966, 9656, | 9837, 9873, 9560 9506, 9508, 9522,
9537, 9646, 9656,
9649, 9653, 9962, 9869, 9649, 9653,
9968, 9969, 9962, 9968, 9969,
2700 1 \ce102, IcE104, 9869 ICE102, ICE104,
ICE120, ICE120,
300 & 500 9839 9839
e | 5002700 9826 9826
>700 | 9517, 9892, Qui- 9517, 9892, Qui-0,
9547, 9562, 9704, 9547, 9562, 9704,
5002700 |9703,9713, 9714, 9723, 9723, 9703, 9713,
9714,
9100, 9102, 9103, 9100, 9102, 9103,
Cfa 9105, 9111, 9114, 9105,
9104, 9106, 9113,| 9115, 9975, 9111, 9114, 9115,
>1700 ICE7, Lag2-2, o113 9975,
9104, 9106, ICE7,
Lag2-2,
3002500 | 6903, Agu-L, 9582 9582, 6903, Agu-1,
403, 428, 9586, 5837, 7349, 9701,
9698, 9711, 9844, 403, 428,
s00a700 | 9700, 9712, 0oss, | 5837, 7349, 9701, iy
ICE3 9711, 9844,
~ 9698, 9700, 9712,
9986,
6932, 7213, 7344, ICE33,
7372, 7411, 7417, 9788, 9978, 15591,
7418, 9540, 9772, 15592, 15593, 6932,
Cfb 9775, 9778, 9783, 7213, 7344, 7372,
9785, 9786, 9787, 7411,
9789, 9795, 9796, | 4755 0330, 9978, 7417, 7418, 9540,
>700 | 97999802, 9813, 15591 15502 9880 772,
9868, 9911, 15’593 ! 9775, 9778, 9783,
HKT2-4, ’ 9785,
9786, 9787, 9789,
9795,
9796, 9799, 9802,
9813,
9868, 9911, HKT2-4,
6424, 6445, 6931,
6984,
6434, 6830, 7520, | 8424 6445, 6931, 7103, 8236, 9738,
500 a 700 6984, 7103, 8236,
7521, 9743, s oo 9739,
9739, 6434, 6830, 7520,
7521, 9743,
5874, 5890, 5921,
Dfb 8285, 9731, 19949,
424, 5893, 5907, 19950,
5950, 5874, 5890, 5921, 19951, 424, 5893,
>700  |5984, 5993, 8284, 8285, 9731, 19949, 5007,
9728, 9729, 9730,| 19950, 19951, 5950, 5984, 5993,
9732, 9733, 9735, 8284,
9728, 9729, 9730,
9732, 9733, 9735,
<300 ICE49, ICE50, ICE49, ICE50,
BSh " =S50a700 9596 9596
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9548, 9833, 9836,

9558, 9548, 9833,

BSk | 300a500 | cdmo, vash-1, 9558 9836, Cdm-0, Vash-1,
9551, 9606, 9843, 9523, 9574, 9859,
9855 582 9902 9523, 9574, 9831 |§g%b 9861,
ICE150, ICE152, f y y y
3002500 ICE153, 9859 9861 9878 | ICE152, | 98789951, 9606,
ICE153 9843,
* | 9855, 9882, 9902,
Csa 6929, 6963, 9529, 9530, 9555, 9762,
9556, 9579, 9583 | 6961, 9530, 9555, 6929,
500700 9830, 9762, 6961 6963, 9529, 9556,
9579, 9583, 9830,
7373, 9764, Dog- 9543, 9761, 9838,
> 700 4, 9543, 9761, 9838, 7373, 9764, Dog-4,
9079, 9081, 9531,
9533,
9542, 9552, 9561,
9084, 9085, 9553, | 9079, 9081, 9531, 0592 gg;g 0822
9584, 9595, 9841, | 9533, 9542, 9552, o020, 9622,
3002500 | 9849 9881, 9888, | 9561, 9576, 9592, ’
Ped- 9820, 9822, 9867, 9897, gggg 9084,
0, 9897, 9904, 9553, 9584, 9595,
9841,
Csb 9849, 9881, 9888, Ped-
0,
7033, 9527, 9828, | 9598, 9858, 9871, 9598, 9871, 9885,
Pra- 9885, 9905, 9905,
5002700 6, 9858|7033, 9527, 9828, Pra-
6,
9578, 9963, 9966, 9539, 9569, 9982,
ICE111, ICE93, 9578, 9963, 9966,
>1700 Nemrut- | 9939 9569, 9982, ICE111, ICE93,
1, Nemrut-1,
Cfa_| 500a700 7416 7416
9528, 9532, 9587, 9528, 9532, 9587,
300a500 | 9520, 9536, 9589, 9840, 9589, 9840, 9520
9536,
> 700 Cfb 9546, 9549, 9564,
9593,
9546, 9549, 9564, 9597, g;gg 9707,
9601, 9697, 9718, | 9593, 9597, 9706, 0846, e 0874
5002700 |9722, 9819, 9860, | 9707, 9716, 9846, ooo 074,
9883, Leo-1, 98696é0918794é093898, 9901, 9903, 9601
9903, 9697,
9718, 9722, 9819,
9860, 9883, Leo-1,
9524, 9525, 9550, 9524, 9525, 9550,
9557, 9567, 9568, 9557,
9577, 9581, 9588, 9568, 9577, 9581,
9591, 9851, 9876, 9588,
9877, 9886, 9890, 9851, 9876, 9877,
9899, 7192, 7218, 9886,
7223, 7396, 7427, 9890, 9899, 8297,
7460, 7461, 7471, 9599,
8297, 9565, 9599, 8243, 9067, 9069 9824, 9850, ICE226,
9824, 9827, 9850, 9067, 9069, | 9565, 9567, | oo oo e
> 700 9894, ICE226, 9°|7ng32751 9501, 9827, o
ICE228, ICE29. |\ czs tstisu-t, | oo | 7192,7218, 7228
i€-0, 1 '
Koch- 7396,
7427, 7460, 7461,
7471,
8243, 9067, 9069,
9070,
9075, ICE72, ICETS5,
Istisu-1, Koch-1, Mer-
6,
<300 768 768

Dfb
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9125, 9128, 9130,

9125, 9128, 9130,

300a500 [ 9131,9133, 9134, 9131, 9133, 9134,
Yeg-l, Yeg-l,
500 a 700 Bak-2, Bak-7, 9121 9121,Bak-2, Bak-7,
> 700 7333 7298 7298, 7333,
300a500 | 765, 766, 9766, 7183, 8424, 7183, 8424, 765, 766,
9766,
Dsa 9745, 10008, 9745, 10008, 10009,
5002700 1 10009, 10010, 10010,
<300 772 772
Dsb
300 a 500 763 763
<300 Sha, 9758, 10015, 9758, 10015, Sha,
BSk
300 a 500 9887 9887
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APENDICE W — CONEXOES GEOGRAFICAS DA AOX1c

CONDICOES GEOGRAFICAS (ALTITUDE, CLIMA, PLUVIOSIDADE) DE 90
ECOTIPOS DE ARROZ ASSOCIADOS A POLIMORFISMOS DE UM UNICO
NUCLEOTIDEO ENCONTRADOS NOS GENES DA AOX1C NAS POSICOES 232 E
239 EM RELACAO A REFERENCIA JAPONICA. OS ECOTIPOS IGUAIS A
REFERENCIA ESTAO REPRESENTADOS COM O AA MOSTRADO A FRENTE
DA POSICAO DE INTERESSE (A232), ENQUANTO OS ECOTIPOS MUTANTES
APRESENTAM O AA MUTADO REPRESENTADO TAMBEM (A232T). CFA -
TEMPERADO UMIDO COM VERAO QUENTE; CFB - TEMPERADO UMIDO
COM VERAO TEMPERADO; CWA - CLIMA SUBTROPICAL UMIDO; DWB -
CLIMA CONTINENTAL UMIDO; AW - CLIMA DE SAVANA; AM - CLIMA DE
MONCAOQ; AF - CLIMA EQUATORIAL; BWH - REGIOES DESERTICAS
QUENTES; BSH - ESTEPE QUENTE.

Modificagdes de AA no gene
0Os_AOXlc
. Os_A232 Os_A232T Os_G239 Os_G239R
Altitude . .
Pluviosidade | Clima
(m)
300 - 500 BWh Issamo, Issamo,
500 - 700 BSh Sintane, Sintane,
SiAdulo, SiAdulo,
Af Gubamaar Rathuwee, Gubamaar Rathuwee,
pamaar, | psgrci, IR5S, Pamaal, | pspRre1, IRSS,
LAC23, LAC23,
Am Dinolores, Dinolores,
CO1s,
CO18, ARC7229, ASRV(\Zriigl
Swarna, FR13A, '
Gompa, JC148 FRI3A,
0 - 400 JC93, o1 4% 'Jco1 | PANKHARI2| Gompa, JC148,
> 700 Cwa |PANKHARI203, Poki<a|i ! 03 JC149, JC93,
NP125, ' , JC91, Pokkali,
SonaChur,
SonaChur,
Jhona349,
NonaBroka Jhona349,
! NonaBroka,
NP125,
. Aswina,
DholaAman, . AS\.N".]a’ . DholaAman, SinnaSithiraKal
SinnaSithiraKali, | CaneladeFerro -
Aw CaneladeFerro, ChitrajDA23 i,
KhaoDawkMali, . ' ' ChitrajDA23,
BicoBranco, |KhaoDawkMal .
Vandaran, 63N104 i, Vandaran BicoBranca,
’ ' ! 63N104,
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C9285, Naba,
Amarelo, Basilanon,
“’L'L;kHAhé'\fl?]Zho' C9285, Naba, | Amarelo, D?”gpa;ﬁhao'
nga)(;a ! Basilanon, Toboshi, QIUBIZ(;/io ong,
Jene035, B?Sggggﬁgﬁo’ Neg?gnPhutong, PadiPerak,
Cfa Toboshi, . 9 yu, Kahei, Akage,
Bleyio, HuLoTao, .
NeangPhtong, . . . Moritawasep,
; PadiPerak, Kahei,| Nipponbare,
Dianyu, MUHA,
Akage, Phulba,
HuLoTao, Moritawase Nivara Masho,
Nipponbare, P, ' Hakphaynha,
Phulba, Nivara, Rayada,
Jene035,
Malagkit,
Malagkit, MacanBinundo
MacanBinundok, K,
Af IR29, Davao, Tadukan, FL478, IR29, Davao, Tadukan,
Kemasin, FLA478,
Kemasin,
Aw | Ref_Japonica, | Moroberekan, | Ref Japonica,| Moroberekan,
Nabeshi, Nabeshi,
400 - 700 > 700 Karasukara, Karasukara,
Kasalath, Kasalath,
Cfa Shinchiku, Basmati217, Shinchiku, Basmati217,
Shirinkimochi, Shirinkimochi,
HuNIoNTao, HuNIoNTao,
Moritawaseu, Moritawaseu,
MTU9,
Am MTU9, TOS7564, TOS7564,
Cwa IR6421, IR6421,
BadariDhan, BadariDhan,
TakSiah, P660, Tcﬁiﬁggg‘ﬁ y
0-300 BWh CHAHORA144,
Hasaw, Hasawi,
Aw UryeeBoota, UryeeBoota,
KuNmin,
. LinJiang, LinJiang,
Dwb | KUNMINg, | b\ TouNHung, PaNTouNHun
gv
> 700 > 700 Am CicihBeton, CicihBeton,
.. . Binulawan,
Af Keriting, Binulawan, Keriting,
Cwa Anjana Dhan, Anjana Dhan,
Cfb Tima, Tima,




APENDICE X - PREDICAO
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DE ESTRUTURAS 22 AOXs

PREDICAO DE ESTRUTURAS SECUNDARIAS PARA AS SEQUENCIAS

PROTEICAS DAS PROTEINAS DE AOX1

a E AOX1b DE ARABIDOPSIS E AOX1a,

AOX1d E AOX1e DE ARROZ

At_AOXla

At_AOX1b

e CCCHHHHHHHHHHHHHHHCCCCEECCCCCCCHHHHHHHCCCCCCCCCCCH
# MMI TRGGAKAAKSLLVAAGPRLFSTVRTVSSHEALSASHI LKPGVTSAW

o » w a «.

CCCCCCCCCCEECCHHHCCCCCCCCCCCCHHHCCCCCCCCHHHHHHCCCEC
4 MMMSRRYGAKLMETAVTHSHLLNPRVFLVTENI RVPAMGVVRVFSKMTFE

0 2

HCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHCCCCCCCCCCCCCCCCCC
WTRAPTI GGMRFASTI TLGEKTPMKEEDANQKKTENESTGGDAAGGNNKG
0

Frea

n w @ 1o

E

CCCCCCCCCCCCCCCCCCCCCCCEEECCCCCCCCCCCCCCCCCCCCCCCC
2 KKKTTEEKGSSGGKADQGNKGEQLI VSYWGVKPMKI TKEDGTEWKWSCFR

® 4 a o 100

[y o of oY off o o o off o oY o o o o off of o o oFf R o off oFf ¥ o o off o off X ol o off R o o oFf o o off off o off oF o oY o
DKGlI ASYWGVEPNKI TKEDGSEWKWNCFRPWETYKADI TI DLKKHHVPTT

HHHHHHHHHHHHHCCCCHHHCCCHHHHHHHHHHCHHHCCHHHHHHHHHHH
FLDRI AYWTVKSLRWPTDLFFQRRYGCRAMMLETVAAVPGMVGGMLLHCK

190

HHHHCCCCCCHHHHHHHHHHHHHHHHHHHHHHHCCCHHHHHHHHHHHHHH
SLRRFEQSGGW!H KALLEEAENERMHLMTFMEVAKPKWYERALVI TVQGVF

20

Frea

20 =0 20 =0

HHHHHHHHHHCHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCCHH
FNAYFLGYL| SPKFAHRMVGYLEEEAI HSYTEFLKELDKGNI ENVPAPAI

200 0 20 a0

\

HHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCCCC
Al DYWRLPADATLRDVVMVVRADEAHHRDVNHFASDI HYQGRELKEAPAP

a0 0 e a0 =0

CCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHCCCCCCCCCCHHHHHH
PWETYKSDLTI DLKKHHVPSTLPDKLAYWTVKSLRWPTDLFFQRRYGCRA

n i 1 5

» a

pe« HHHHHHHCCHHHHHHHHHHHHHHHHCCCCCCHHHHHHHHHHHHHHHHHHH
w4 MMLETVAAVPGMVGGMLVHCKSLRRFEQSGGW! KALLEEAENERMHLMTF

5

i3 0 e )

v HHHHCCCHHHHHHHHHHHHHHHHHHHHHHHHCHHHHHHHHHHHHHHHHHH
w MEVAKPNWYERALVI AVQGI FFNAYFLGYLI SPKFAHRMVGYLEEEAI HS

2

= 0 =

pne HHHHHHHHHCCCCCCCCCCHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHH
4 YTEFLKELDNGNI ENVPAPAI Al DYWRLEADATLRDVVMVVRADEAHHRD

e )

e HHHHHHHHHHCCCCCCCCCCCCCCC
% VNHYASDI HYQGRELKEAPAPI GYH

W

Os_AOXla

Os_AOX1d

CCHHHHHHHHHHHHCCCCCEEECCCHHHHHHHHHHCCCCCCCCCCCCCCC
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0 E s

cent
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0 E
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@ n & @ 180

CCCCCCCCCCCCCCCCCCHHHHHHHCCCcCcCceccccecececcceccccece
SSAGADVKEGAAEKLPEPAATAAAAATDPONKKAVVSYWGI QPPKLVKED

@ 2 w

e
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o 2 10 10 1=
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@ m

10 120 200
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0 20 2 260
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m

am 200 2m
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=

210 x
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P
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a0 -

e o R —— e
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w0
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181 i 0 0

5 e T Y
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20

m an E 20

HHHHHHHHHHHHHHHHHHHCCCCCCCCCCHHHHHHHCCCCCCCHHHHHHH
GYLEEEAVSSYTEYLKDLEAGKIENTPAPAI Al DYWRLPADATLKDVVTV

2 am
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A

0 =0 B

5 5 5 5 e 5 5
s HHHHHHHHHHHHHHHHHHHHCCCCCCCCCCCCCCC
+1 RADEAHHRDLNHFASDI QQQGMKLKDTPAPI GYH

310 20 0 3




AOXle
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210 220 230 240 2
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HHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCCHHHHHHCCCCCCCCHHH
HRI VGYLEEEAVHSYTEFLRDLDAGKI DDVPAPAI Al DYWRLPADATLRD

260 210 200 290 301

g

HHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCCCCCCC
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3 320 E) 340 3

2

Legend:

Strand Conf: W Confidence of prediction
I Helix e assignment cartoon
- Cail -state prediction

T
AA: Target Sequence
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APENDICE Y - PREDICAO DE DESORDEM NAS AOXs

GRAFICOS DE PREDICAO DE REGIOES DE DESORDEM NAS ESTRUTURAS
DAS AOXS DE A. thaliana E O. sativa: At AOX1a_ Ref, At AOX1b_ Ref,
Os_AOX1la_Ref, Os_ AOX1d_Ref, Os_AOXle_Ref

= 1 h
AT At_AOX1a_Ref ;:,_‘h J ‘;ﬂ"ﬂ, At_AOX1b_Ref
X . . '
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. Cuof 05 '
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[ R T 0Os_AOX1le Ref
154 Y ", *
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APENDICE Z - PREDICAO TRANSMEMBRANA DAS AOXS

GRAFICOS DE PREDICAO DE REGIOES TRANSMEMBRANARES NAS
ESTRUTURAS DAS AOXS DE A. thaliana E O. sativa: At AOX1a_Ref,
At_AOX1b_Ref, Os_ AOXla_Ref, Os_AOX1d_Ref, Os_AOX1le Ref

H-Terminal

Extracellular

Cutoplasmic

1-40 Signal peptide

At_AOX1a_Ref

260 Membrane

kC-Termina.l

1-35 Signal peptide
N=Terminal

At_AOX1b_Ref

/-E-Ter‘mi nal
Extracellular

151 l| 231 |
151-166 Pore-lining

51 52

166 210 Membrane

Cytoplasmic

151-166 Pore-lining
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1-40 Signal peptide
N-Terminal

Extracellular

155

Cytoplasmic

Os_AOXla_Ref

ff/,,—-c-Terminal

238

1-40 Signal peptide

N-Terminal 0s_AOX1d_Ref

i

Extracellular

241

.

Cytoplasmic

~-Terminal

1-40 Signal peptide
H-Terminal

Extracellular

Os_AOX1le_Ref

{/,,,—-E-Terminal

139

S1

154

245

224 Membrare

Cytoplasmic

231



232

APENDICE AA - ESTRUTURAS 3D MODELOS REFERENCIA

ESTRUTURAS ESPACIAIS DOS MODELOS REFERENCIA PREDITOS PELO
SERVIDOR ROBETTA PARA AS AOXS DE A. thaliana E O. sativa: At AOX1a_Ref,
At_AOX1b_Ref, Os AOXla Ref, Os AOX1d_Ref, Os AOXle Ref

| At_AOXla_Ref |

At_AOXIb_Ref

| Os_AOXla_Ref| |Os_AOX1d_Ref|
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APENDICE AB - RAMACHANDRAN DAS ESTRUTURAS 3D DAS AOXs

GRAFICOS DE RAMACHANDRAN FORNECIDOS PELO SERVIDOR
MOLPROBITY PARA AS ESTRUTURAS PROTEICAS DAS REFERENCIAS DE
ARABIDOPSIS E ARROZ PREDITAS PELO PROGRAMA MODELLER E PELO

SERVIDOR ROBETTA

At_AOX1la.pdb-Robetta
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97.8% (567/580) of all residues were in favored (98%) regions.
99.8% (579/580) of all residues were in allowed (>99.8%) regions
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AOX1la_ At.pdb-Modeller

General case Isoleucine and valine
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residues were in favored (98%) regions.
99.0% (190/192) of all residues were in allowed (>99.8%) regions.



General case

At_AOX1b.pdb-Robetta
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97.4% (530/544) of all residues were in favored (98%) regions.
99.6% (542/544) of all residues were in allowed (>99.8%) regions
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AOX1b_At.pdb-Modeller

General case
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residues were in favored (98%) regions.
99.5% (191/192) of all residues were in allowed (>99.8%) regions
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Isoleucine and valine
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96.7% (266/275) of all residues were in favored (98%) regions.
99.6% (274/275) of all residues were in allowed (>99.8%) regions

General case

At_AOX1c.pdb-Robetta
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General case

AOX1c_At.pdb-Modeller
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97.9% (188/192) of all residues were in favored (98%) regions.
99.5% (191/192) of all residues were in allowed (>99.8%) regions
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Isoleucine and valine
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General case
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96.6% (258/267) of all residues were in favored (98%) regions.
99.6% (266/267) of all residues were in allowed (>99.8%) regionsm
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General case

AOX1d_At.pdb-Modeller
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97.0% (197/203) of all residues were in favored (98%) regions.
99.5% (202/203) of all residues were in allowed (>99.8%) regions
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At_AOX2.pdb-Robetta

General case Isoleucine and valine
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98.5% (321/326) of all residues were in favored (98%) regions.
99.7% (325/326) of all residues were in allowed (>99.8%) regions
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AOX2_At.pdb-Modeller

General case Isoleucine and valine
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96.1% (196/204) of all residues were in favored (98%) regions.
98.5% (201/204) of all residues were in allowed (>99.8%) regions
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180

/-\
o af
%o
%
S 0

o
204"
oy
o «®

.Sy

Psi —

-
=4

,om/,":hs{n% .
SR / .
/-"N—
o\
—

#
4
i

N

N/
AR\

““““““““““ S .
180 0 Phi 180
Pre-proline
180 .
=)y Py
si—: ° n i)
"-Zw\f;f =
NG/, NSV
0 2 Thr
CO
~N—T—

—
-180 —+++ R

180

98.4% (545/554) of all residues were in favored (98%) regions.
99.5% (551/554) of all residues were in allowed (>99.8%) regions
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Isoleucine and valine
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AOX1la Os.pdb-Modeller

General case Isoleucine and valine
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98.0% (198/202) of all residues were in favored (98%) regions.
99.0% (200/202) of all residues were in allowed (>99.8%) regions
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Os_AOX1c.pdb-Robetta

General case Isoleucine and valine
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98.6% (282/286) of all residues were in favored (98%) regions.
99.7% (285/286) of all residues were in allowed (>99.8%) regions



General case

AOX1c_Os.pdb-Modeller

Isoleucine and valine

97.5% (196/201) of all residues were in favored (98%) regions.
98.5% (198/201) of all residues were in allowed (>99.8%) regions
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Os_AOX1d.pdb-Robetta

General case Isoleucine and valine
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98.2% (556/566) of all residues were in favored (98%) regions.
100.0% (566/566) of all residues were in allowed (>99.8%) regions
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AOX1d_Os.pdb-Modeller

General case Isoleucine and valine
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97.5% (197/202) of all residues were in favored (98%) regions.
98.0% (198/202) of all residues were in allowed (>99.8%) regions
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Os_AOX1le.pdb-Robetta

General case Isoleucine and valine
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97.0% (526/542) of all residues were in favored (98%) regions.
99.6% (540/542) of all residues were in allowed (>99.8%) regions




General case

AOX1le Os.pdb-Modeller
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95.5% (191/200) of all residues were in favored (98%) regions.
99.0% (198/200) of all residues were in allowed (>99.8%) regions
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APENDICE AC - INTERACAO RECEPTOR - LIGANTE

INTERACAO DE COMPLEXOS RECEPTOR - LIGANTE (PROTEINA AOX —
UQH2) COM ENFASE NA DISTANCIA FE - H. O LIGANTE E INDICADO POR
UQH:2
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