7 1UgUn

UNIVERSIDADE FEDERAL DE LAVRAS

PAULA MARIA DE SOUZA MENDONCA

NESTMATE IDENTITY AND FORAGING AREA OF
Syntermes spp (BLATTODEA: TERMITIDAE) USING NEAR-
INFRARED SPECTROSCOPY

LAVRAS - MG
2018



PAULA MARIA DE SOUZA MENDONCA

NESTMATE IDENTITY AND FORAGING AREA OF Syntermes spp.

(BLATTODEA: TERMITIDAE) USING NEAR-INFRARED SPECTROSCOPY

Dissertacéo apresentada a Universidade Federal de
Lavras, como parte das exigéncias do programa de
Pds-graduacdo em Entomologia, area de
concentracdo em Entomologia, para a obtencdo do
titulo de Mestre.

Dr. Ronald Zanetti
Orientador

LAVRAS - MG

2018



Ficha catalografica elaborada pelo Sistema de Geragéo de Ficha
Catalogréfica da Biblioteca Universitaria da UFLA, com dados informados
pelo(a) préprio(a) autor(a).

Mendonca, Paula Maria de Souza.

Nestmate identity and foraging area of SYNTERMES SPP
(BLATTODEA: TERMITIDAE) using near-infrared spectroscopy /
Paula Maria de Souza Mendonga. - 2018.

80 p.

Orientador(a): Ronald Zanetti.

Dissertagdo (mestrado académico) - Universidade Federal de
Lavras, 2018.

Bibliografia.

1. Syntermes nanus. 2. Eucalipto. 3. Hidrocarbonetos
cuticulares. I. Zanetti, Ronald. Il. Titulo.




PAULA MARIA DE SOUZA MENDONCA

NESTMATE IDENTITY AND FORAGING AREA OF Syntermes spp.
(BLATTODEA: TERMITIDAE) USING NEAR-INFRARED SPECTROSCOPY

IDENTIFICAGAO DE NINHOS E AREA DE FORRAGEAMENTO DE Syntermes spp.
(BLATTODEA: TERMITIDAE) USANDO ESPECTROSCOPIA DE INFRAVERMELHO
PROXIMO

Dissertacdo apresentada a Universidade Federal de
Lavras, como parte das exigéncias do programa de P6s-
graduacdo em Entomologia, area de concentragdo em
Entomologia, para a obtencdodo titulo de Mestre.

APROVADA em 26 de junho de 2018.

Dr. Ronald Zanetti.......cccoen........ UFLA
Dr. Alexandre dos Santos............ UFLA
Dr. Ives Haifig.........cccocovvvrenennn. UFU

Dr. Ronald Zanetti

Orientador

LAVRAS - MG
2018



A0s meu pais, que sempre acreditaram em mim, me incentivaram em meus sonhos e me
deram amor e educacéo. Obrigada pela torcida!

OFERECO



Ao Professor Dr. Ronald Zanetti, a minha familia e aos amigos da Entomologia que
ajudaram para a construcdo desta dissertacao.

DEDICO



AGRADECIMENTOS

Agradeco a Deus pelo dom da vida, pelo amor incondicional, por me amparar de dar forgas
para persistir meus sonhos e por sempre colocar pessoas especiais nas horas certas em minha vida.

Agradeco a minha Familia; ao meu Pai, por sonhar junto comigo essa conquista, a minha
Mée, por seu amor incondicional, pelas oragcOes e amizade sem igual. Aos meus irmé&os, por sempre
acreditarem e torcerem por mim. Eu amo muito vocés!

Ao meu namorado Lucas, por sempre estar comigo em todos 0s momentos.

Agradeco ao Professor Ronald Zanetti, pela oportunidade de ser sua orientada. Pelos
ensinamentos, pelas conversas, pela amizade e principalmente por ser essa pessoa integra que nos
trata com muito carinho e atengéo.

Agradeco aos amigos de laboratorio, Caroline, Alexandre, Willian, Jodo Pedro, Bruno,
Stephannie, Julia, Jéssica, Carlos, Julius, Kénia, Gustavo e Eliane por serem tdo amigos e sempre
dispostos a ajudar. Em especial agradeco a Carol, por tantas vezes me ouvir e me ajudar, ao
Chimbinha por ser essa pessoa incrivel, me ajudar e vencer tantas situacdes dificeis ao meu lado e
a Lea, por ser essa méde no nosso laboratério. Obrigada a todos pela amizade e por tantos momentos
maravilhosos.

Agradeco a todos as amigas e aos amigos do Departamento de Entomologia, que de certa
forma auxiliaram na jornada. Foram dois anos maravilhosos e de muito crescimento. Agradeco em
especial aqueles que auxiliaram a conduzir os trabalhos. Agradeco a todos os Professores da
Entomologia pelos ensinamentos e oportunidade de crescimento. Em especial ao Professor
Alexandre dos Santos, pela imensa ajuda em meu trabalho, paciéncia, pela amizade, por todas as
aulas e ensinamentos. Ao professor Geraldo Andrade, por ainda na graduacao me dar a oportunidade
de trabalhar com Entomologia e despertar em mim essa paixdo. Obrigada pela amizade e
ensinamentos que levarei para sempre comigo.

Agradeco aos técnicos e funcionérios da UFLA em especial, Eliane, Julinho, Irene e Isabel
ndo somente pela ajuda fisica e burocratica, mas também pela amizade.

Agradeco a Universidade Federal de Lavras, pela oportunidade concedida para realizar este
Mestrado em Entomologia. Agradeco & Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) pela bolsa de estudos concedida.

Agradeco as Empresas Cenibra, Gerdau, StoraEnso, Suzano, Veracel e Vallourec pelo

financiamento do projeto.



RESUMO

Cupins subterraneos do género Syntermes sao importantes pragas iniciais na cultura do eucalipto. A
quantidade de danos causados por esses cupins pode estar relacionada ao tamanho da colonia e da
sua area de forrageamento. Para determinar isso, pode-se usar a técnica de espectroscopia do
infravermelho proximo (NIR), que é capaz de detectar as varia¢cdes de composi¢Ges quimicas dos
hidrocarbonetos cuticulares dos insetos e discriminar espécies e irmdos. No primeiro estudo, o NIR
e a analise discriminante por minimos quadrados parciais (PLS-DA) foram utilizados para
identificar a origem colonial do cupim Syntermes grandis, que possui ninhos superficiais. A precisao
foi de 98% na identificagcdo de ninhos para operarios e soldados dessa espécie. O método mostrou-
se importante para a caracterizacdo qualitativa da resposta fenotipica colonial dessa espécie. No
segundo estudo, procurou-se utilizar a mesma tecnologia para determinacdo da correspondéncia
entre os orificios de forrageamento de Syntermes nanus, que possui ninhos subterraneos. A medicéo
espectral dos cupins resultou em 424 espectros, um espectro médio para cada operario analisado,
correspondentes a 52 orificios diferentes coletados. Em cada orificio, foram coletados numeros de
operarios que variaram de 8 a 23 operarios. Os espectros mais correlacionados entre si pela analise
de componentes principais (PCA) dentre os 1556 comprimentos de onda coletados foram os dez
espectros no intervalo de 7020,89648 cm-1 a 7055,16524cm-1, a cada 3,85764 cm-1, que coincide
com os maiores valores de absorbancia encontrados. A técnica de NIR ndo permitiu a separacéo de
coldnias do cupim Syntermes nanus, como foi feito para Syntermes grandis, impossibilitando a
determinacéo da area de forrageamento dessa espécie.

Palavras-chave: Syntermes nanus; eucalipto; hidrocarbonetos cuticulares.



ABSTRACT

Subterranean termites of the genus Syntermes are important early pests in eucalyptus culture. The
amount of damage caused by these termites may be related to the size of the colony and its foraging
area. To determine this, one can use the Near Infrared Spectroscopy (NIR) technique, which is able
to detect chemical composition variations of insect cuticle hydrocarbons and discriminate species
and siblings. In the first study, the NIR and the partial least squares discriminant analysis (PLS-DA)
were used to identify the colonial origin of the termite Syntermes grandis, which has superficial
nests. The accuracy was of 98% in the identification of nests using workers and soldiers of this
species. The method was important for the qualitative characterization of the colonial phenotypic
response of this species. In the second study, we tried to use the same technology to determine the
correspondence between the foraging holes of Syntermes nanus, which has subterranean nests. The
spectral measurement of termites resulted in 424 spectra, a mean spectrum for each worker
analyzed, correspond to 52 different holes collected, in each hole were collected numbers of workers
ranging from 8 to 23 workers. The spectra most correlated to each other by principal component
analysis (PCA) among the 1556 wavelengths collected were the ten spectra in the range of
7020.89648 cm -1 to 7055.1655 cm -1, each 3.85764 cm -1, which coincides with the highest
absorbance values found. The NIR technique did not allow the separation of termite colonies
Syntermes nanus, as was done for Syntermes grandis, making it impossible to determine the
foraging area of this species.

Keywords: Syntermes nanus; eucalyptus; cuticular hydrocarbons
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1 INTRODUCAO GERAL

Cupins subterraneos sao importantes pragas iniciais na cultura do eucalipto (FERREIRA et
al., 2011). Essa importancia aumenta com o avanco de cultivos de florestas em areas anteriormente
ocupadas por pastagens, as quais sao mais propicias ao desenvolvimento de populagdes de cupins
(WILCKEN; RAETANO; FORTI, 2002).

Dentre as espécies de cupins-praga, as do género Syntermes sao as mais importantes nestes
sistemas (SILVA et al., 2015). Os cupins desse género causam danos as raizes e ao coleto de plantas
novas, resultando na morte das mudas (WILCKEN; RAETANO; FORTI, 2002) e na necessidade
de replantio (CONSTANTINO, 1995).

Para o desenvolvimento de programas de manejo integrado de cupins subterraneos é preciso
ter o conhecimento das espécies que ocorrem em determinada regido, sua distribuicdo espacial, o
tamanho de seus ninhos, bem como seu nivel de dano econémico (SANTOS et al., 2016). No
entanto, a maioria dos cupins que ataca eucalipto ndo constr6i monticulos externos, portanto, a
auséncia destes monticulos numa floresta, ndo implica na auséncia da praga (CONSTANTINO,
1995). Nesse caso, é importante considerar tal possibilidade, quando se quer desenvolver planos de
amostragem ou estimar o seu nivel de controle.

As populacdes de cupins podem apresentar trés padrdes basicos de distribuicdo espacial:
aleatorio, agrupado e uniforme (CUNHA, 2011). No entanto, a maioria das espécies se distribui de
forma agregada, como os cupins subterraneos em plantios de eucalipto (SANTOS et al., 2016). No
caso do cupim subterraneo Syntermes nanus, 0s estudos sobre sua distribuicdo espacial foram
desenvolvidos com base na quantificagdo dos orificios externos de forrageamento, uma vez que tais
cupins ndo constroem ninhos na superficie do solo. A maioria desses estudos comprovou que tal
espécie apresenta distribuicdo agregada (SANTQOS, 2008). No entanto, a estimativa do nivel de
controle com base na relacdo entre danos e numero de orificios de forrageamento ndo se mostrou
precisa (SANTQOS, 2008), uma vez que nao foi possivel relacionar o numero de orificios com o
tamanho da col6nia.

Os insetos sociais, como 0s cupins, vivem em colbnias, cuja quantidade de individuos
aumenta no tempo, necessitando de mais alimento e maior area de forrageamento. Portanto, é
esperado que a quantidade de danos causados por esses cupins esteja relacionada ao tamanho da
colénia. Colbnias maiores apresentam maior quantidade de orificios de forrageamento, poréem
acredita-se que as col6nias de cupins podem compartilhar a mesma area de forrageamento, o que
implica que podem existir orificios de col6nias diferentes numa mesma area. Portanto, para o

desenvolvimento de planos de amostragem e estimativa de dano econémico do cupim subterraneo
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Syntermes nanus € necessario inicialmente determinar a identidade colonial de cada orificio, para
se estimar o tamanho da col6nia e, posteriormente, o dano econdmico.

Uma solugdo para isso seria 0 uso da técnica de espectroscopia do infravermelho proximo
(NIR), que é capaz de detectar as variacbes de composi¢cdes quimicas dos hidrocarbonetos
cuticulares dos insetos e discriminar espécies e irmdos. Varios estudos tém mostrado que 0s
hidrocarbonetos cuticulares (CHCs) podem ser usados para diferenciar 0s insetos sociais das
diferentes colonias (BARBOSA et al., 2018; RIZVI et al., 2018; SIEGWART et al., 2015). Isso

demonstra que o NIR pode ser utilizado para discriminar individuos da mesma colonia.
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2 OBJETIVOS

e Realizar a identificacdo intracolonial de Syntermes grandis, utilizando a espectroscopia do
infravermelho préximo (NIR);

e Estimar a &rea externa de ninhos do cupim subterraneo Syntermes nanus e determinar a sua

distribuicdo espacial em areas de Cerrado.
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3 REFERENCIAL TEORICO
3.1 Importéancia dos cupins

Os cupins sdo insetos sociais que formam colonias de individuos interdependentes entre si,
nas quais ocorre sobreposicao de geracOes, cuidado com a prole e divisdo reprodutiva do trabalho.
A estruturacdo social é constituida por individuos que se desenvolvem por paurometabolia e
compreendem machos e fémeas, que sdo divididos em categorias ou castas (ELEOTERIO et al.,
2000; OLIVEIRA-FILHO; RATTER, 1995).

Os cupins ocorrem nas areas tropicais e temperadas do mundo e estdo reunidos na Ordem
Blattodea, com mais de 2000 espécies descritas e destas, 200 ocorrem no Brasil (KORB, 2007,
LEWIS, 2009). Cerca de 150 dessas espécies ocorrem na regido do cerrado, sendo aproximadamente
a metade endémica (SCHMIDT, 2007). Em solos de florestas tropicais, 0s cupins estdo entre 0s
insetos mais abundantes, representando um dos grupos mais dominantes (BANDEIRA et al., 2003).
Em um Unico hectare de floresta tropical pode ser encontrada mais espécies de térmitas do que em
toda a Europa (CONSTANTINO, 1995).

O género Syntermes consiste em espécies de cupins relativamente grandes, que vivem em
ninhos subterraneos ou epigeos e se alimentam de material vegetal vivo ou morto. Este género
possui 23 espécies conhecidas e ocorre apenas em América do Sul (CONSTANTINO, 1995). Sdo
espécies dominantes e muito abundantes em florestas tropicais (BANDEIRA et al., 2003). Os ninhos
podem ser totalmente subterraneos e possuem orificios visiveis da entrada do ninho na superficie
do solo. Esses ninhos podem se estender até 3 metros de profundidade no solo, o que torna dificil a
avaliacdo de suas populacdes (BANDEIRA et al., 2003; CONSTANTINO, 1995).

As florestas de eucalipto sdo uma importante fonte de recursos a alimentacdo desses e de
outros cupins, sendo que algumas espécies sao consideradas pragas, devido ao ataque em mudas ou
arvores, ocasionando destruicdo do sistema radicular, morte das mudas e perda da qualidade da
madeira (PERALTA et al., 2004). Os danos causados por cupins S0 0S mais Severos em paises
tropicais como o Brasil, india e alguns paises africanos (GREAVES, 1959; WILCKEN;
RAETANO; FORTI, 2002).

As espécies Syntermes insidians e Syntermes molestus danificam plantas novas de
Eucalyptus spp. pelo descorticamento do pido e danos as raizes finas, com consequente murcha e
seca das folhas, sendo necessario o replantio que, alem de oneroso, ocasiona desuniformidade nos
plantios (KORB, 2007; SANTQOS, 2008).
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A maioria dos cupins que ataca eucaliptos ndo constroi monticulos, e a auséncia de
monticulos numa floresta n&o significa que ela esteja livre do ataque desses insetos (ELEOTERIO
et al., 2000). Além disso, o fato de cupins serem encontrados nas proximidades de plantas mortas,
ndo significa que estes estejam associados ao dano, pois 27 géneros de cupins foram coletados em
plantios de eucalipto, e somente um causava dano ao cerne e nove estavam se alimentando das raizes
destas plantas (WILCKEN; RAETANO; FORTI, 2002). Sendo assim, os danos de cupins em
florestas implantadas podem ser muito variaveis, ocorrendo em Eucalyptus spp. desde a muda
plantada no campo até arvores adultas e maduras (WILCKEN; RAETANO; FORTI, 2002).

Alguns autores sugerem a seguinte divisdo de grupos de cupins-praga de florestas
implantadas: i) cupins que atacam mudas desde o plantio até a idade de um ano, conhecidos como
cupins das mudas, cupins das raizes ou cupins do colo (Ex. Systermes molestus, S. insidians, C.
cumulans, etc.) e ii) cupins que atacam arvores formadas (com mais de 2 anos), e destroem o interior
da arvore, chamados de cupins do cerne (Ex. Coptotermes testaceus, Heterotermes tenuis) ou da
casca. O cupim do cerne penetra pelas raizes das arvores, construindo galerias pelo interior do
tronco, destruindo o cerne e deixando as arvores ocas (GREAVES, 1959; KRISHNA; WEESNER,
1969; WILCKEN; RAETANO; FORTI, 2002).

Os cupins que atacam mudas sdo as principais pragas que afetam o desenvolvimento inicial
do eucalipto nas regides tropicais e subtropicais. Estes cupins podem comecar a atacar a planta a
partir de 15 dias do plantio até 2 anos de idade, sendo a maioria dos ataques nos primeiros quatro
meses de plantio no campo, quando as plantas tem cerca de 10 meses (NAIR; VARMA, 1985). O
periodo de maior suscetibilidade das mudas de Eucalyptus grandis ao ataque de Cornitermes sp. é
de 34 a 76 dias ap0s o plantio no campo (WILCKEN, 1992).

Os danos diretos causados pelo ataque de cupins sdo a morte das mudas pela destruicdo das
raizes e os indiretos se referem ao comprometimento no desenvolvimento das arvores e a
suscetibilidade destas plantas ao ataque de outras pragas, pelo enfragquecimento das mesmas.
Portanto, um controle preventivo e localizado é inevitavel para evitar danos as mudas destas plantas
(SU, 2000).

A maior parte dos danos ocorre de forma agregada, pois os cupins apresentam tal distribuicéo
espacial no campo. A distribuicdo agregada €, na maioria das vezes, resultado de alguns fatores,
como policalismo (HOLT; EASEY, 1985), limitacdo na habilidade de disperséo dos alados (KORB,
2007) e algumas condi¢cGes pontuais mais apropriadas para a nidificagdo, como manchas de solo
adequadas e presenca de inimigos naturais (SPAIN; SINCLAIR; DIGGLE, 1986). Por outro lado,
a distribuicdo regular dos ninhos, relaciona-se com a competicao intra e interespecifica por recursos
(MUJINYA et al., 2014).
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A distribuicdo do tipo agregada determina o territorio de forrageamento, que pode ser
delimitado a partir do comportamento agonistico entre individuos de diferentes colonias (ADAMS;
LEVINGS, 1987). Alguns indicios de ocorréncia de interagdes competitivas entre cupins podem ser
analisados, observando-se a relacdo entre o tamanho do ninho e a distancia para seu vizinho mais
proximo (NARAYANAN; GOLD, 2005; NGEE; LEE, 2002; PUCHE; SU, 2001) que sugere a
presenca de uma zona de excluséo de col6nias iniciais ao redor dos ninhos (DARLINGTON, 1982).

3.2 Espectroscopia do infravermelho préximo (NIR) aplicada a entomologia

A espectroscopia do infravermelho proximo (NIR) é uma ferramenta capaz de identificar
compostos quimicos bastante utilizada em diversas areas do conhecimento. Esta técnica é baseada
na analise da refletdncia e absorbancia resultante da incidéncia do espectro da banda do
infravermelho préximo sobre alguma superficie. Determinadas ligacbes ou grupos quimicos
apresentam valores diferenciados de absorbancia e refletancia, resultando em uma assinatura
espectral capaz de identificar grupos quimicos e diferenciar compostos e substancias. A utilizagédo
do NIR é crescente por ser uma técnica ndo invasiva. Apresenta também a vantagem de ndo gerar
residuos, dispensa tratamentos prévios da amostra e é rapido com uma leitura espectral completa
por segundo (ISHIKAWA et al., 2014; OZAKI, 2012; PASQUINI, 2003).

Na entomologia, o NIR foi utilizado na determinacdo da idade de moscas domésticas
(PEREZ-MENDOZA et al., 2002), besouros (PEREZ-MENDOZA et al., 2004), identificacdo a
nivel especifico de adultos de besouro (DOWELL et al., 2005), em Culicidae para identificar
espécies pertencentes ao complexo Anopheles gambiae e determinar a quantidade de sangue
ingerido por adultos, sem ser necessario sacrificar os individuos (HALL; DUTRO; KLOWDEN,
1990; MAYAGAYA et al., 2009), e pupas de vespa (COLE et al., 2003). Um estudo usando uma
analise de minimos quadrados parciais dos espectros do infravermelho préximo, espécies e
subespécies de Zootermopsis foram identificadas com precisdo superior a 95% e 80%,
respectivamente. A analise da rede neural dos espectros do infravermelho proximo possibilitou a
identificacdo das espécies e subespécies com uma precisao superior a 99% (ALDRICH et al., 2007).

O uso de espectroscopia de infravermelho préximo foi bem sucedido para distinguir casulos
de parasitoides de lepidopteros, com uma precisdo superior a 85%. As espécies sdo dificeis de
diferenciar usando marcadores morfolégicos, pois sdo morfologicamente similares. As calibracfes
foram estabelecidas usando analise de minimos quadrados parciais, 0 que permitiu a identificagdo

de casulos de espécies conhecidas e casulos de um hospedeiro alternativo, bem como em testes
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cegos. Essa tecnologia facilitou a identificacdo de insetos capturados em campo usados para
determinar os pardmetros ecoldgicos e as taxas de parasitismo (COLE et al., 2003).

O uso da técnica de espectroscopia de infravermelho préximo foi utilizada com sucesso para
prever a idade cronoldgica de adultos das pragas de grdos armazenados Sitophilus oryzae;
Rhyzopertha dominica e Tribolium castaneum. A idade prevista apresentou alta correlagdo com a
idade real dessas trés espécies (PEREZ-MENDOZA et al., 2004). As previsdes vistas em S. oryzae
usando o método NIR ndo dependeram do sexo ou da temperatura a qual os gorgulhos adultos sdo
expostos. Perez-Mendoza et al. (2002) compararam a sensibilidade e exatiddo da espectroscopia de
infravermelho préximo com a da técnica de fluorescéncia de pteridina para estimar a idade
cronoldgica de moscas Musca domestica (L.). Moscas jovens podem ser rapidamente diferenciadas
de moscas idosas usando o NIR. A predicdo do método de pteridina depende do tamanho, sexo e
temperatura em que as moscas adultas sdo expostas, ao contrario do NIR. A precisdo da classificacdo
usando a técnica do NIR foi similar para moscas inteiras, cabecas secas, cabecas frescas e cabecas
preservadas com etanol. O método NIR também foi adequado para predizer idade de moscas
Stomoxys calcitrans (L.) e fraturas faciais de Musca autumnalis. O NIR tem vérias vantagens sobre
a medicdo dos niveis de pteridina para as faixas de coleta seletiva de idade, incluindo velocidade e
portabilidade da instrumentacdo, sem a necessidade de determinar o sexo, 0 tamanho e as
temperaturas as quais as maes adultas foram expostas.

Um estudo examinou a possibilidade do NIR ser utilizado para fins taxondmicos, com base
na premissa de que cada espécie pode ter uma composicdo quimica Unica. Os testes foram
conduzidos com 11 espécies de besouros comumente associados a graos armazenados. Espectros de
insetos individuais foram coletados utilizando um espectrometro de diodo de infravermelho
préximo. As calibracdes foram desenvolvidas usando analise de minimos quadrados parciais e redes
neurais. A calibracdo das redes neurais identificou corretamente 95% dos insetos-teste. Evidéncias
indicaram que as caracteristicas de absor¢cdo dos lipidios cuticulares podem contribuir para a
classificacdo dessas espécies, portanto essa tecnologia poderia ser usada para identificacao rapida e
automatizada de muitos outros organismos (DOWELL et al., 2005). Outros autores demonstraram
que o NIR pode ser utilizado para identificar formigas da mesma col6nia de Oecophylla
smaragdina, com precisao de 79,6%. (NEWEY; ROBSON; CROZIER, 2008). O NIR também foi
utilizado com sucesso para discriminar espécies cripticas de formigas de Tetramorium caespitum e
T. impurumi (Hymenoptera: Formicidae), com classifica¢do correta de 98,8%, com R2 de 0,90 para
calibracéo e de 0,93 para a validacédo cruzada (BULAT; KLARICA, 2011).
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4 Artigo 1

NESTMATE IDENTITY OF Syntermes grandis (BLATTODEA: TERMITIDAE) USING
NEAR-INFRARED SPECTROSCOPY AND PLS-DA APPROACH

(Normas da Revista Insectes Sociaux)

ABSTRACT

Termites are dominant social insects in most terrestrial environments. They play an important role
in soil structuring and decomposition of organic matter, but also may be important agricultural pests.
Their social organization is based on nestmate recognition through the identification of cuticular
hydrocarbons. Near infrared spectroscopy (NIR) and multivariate analysis of the data can identify
such hydrocarbons and separate individuals belonging to the same colony. The partial least squares
discriminant analysis (PLS-DA) with NIR was used to identify the colonial origin of the termite
Syntermes grandis (Blattodea: Termitidae). The PLS-DA regression with NIR proved to be an
accurate approach over 98% in identifying nestmates of S. grandis workers and soldiers. The
method proved to be important for the qualitative characterization of the colonial phenotypic
response of this species.

Key-words: Termite, cuticular hydrocarbons, colonial origin.
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4.1 INTRODUCTION

Termites are social insects of the order Blattodea and have great species diversity in tropical
ecosystems, where they decompose plants and debris with an important role in nutrient cycling and
soil fertilizing and aeration (FERREIRA et al., 2011). Each termite group has different ways of
exploring food resources, such as species of the genus Syntermes, a guild of grass-feeders
(CALDERON; CONSTANTINO, 2007; CARRIJO et al., 2009). Termites of the genus Syntermes
often reach pest status in Eucalyptus cultivation. These insects live in subterranean nests, feed on
roots and the base of the collection of plants, causing the death of the seedlings. When present at
high densities in the growing area, these insects can make replanting very costly (CONSTANTINO,
1995).

The neotropical genus Syntermes, restricted to the South America forests and savannas east
of the Andes from Venezuela to northern Argentina, has some of the largest termites of the world.
Molecular studies of termite hydrocarbons have been poorly studied, although their morphological
characteristics are well documented. The Syntermes nests are variable and complex, and they may
be underground, semi-underground with loose soil on the surface or with compact mounds on the
ground (CONSTANTINO, 1995).

Part of the S. grandis nest is underground with soft consistency soil above the ground. This
is easy to view and locate in the field, but the underground part of its nest architecture is poorly
known. Other subterranean termite species have cryptic habits without a nest structure identification
such as S. molestus and S. nanus, with 3 m deep nests (CONSTANTINO, 1995) and small foraging
holes on the soil surface representing the only clue of their presence (MARTIUS; WELLER, 1998).
These holes are openings of galleries connecting the nest and the external environment, forming the
foraging territory of these termites (DARLINGTON, 1993).

Social insect colonies of the same species can be separated using different methods,
including gas chromatography (GC) (KAIB et al., 2002) and near infrared spectroscopy (NIR)
(ALDRICH et al., 2007; NEWEY; ROBSON; CROZIER, 2008). Individuals of the same colony
have similar cuticular hydrocarbons groups (HOWARD; BLOMQUIST, 2005). However, those of
different colonies ones do not exhibit similar molecular constitution of these hydrocarbons which
can be detected with gas chromatography and mass spectroscopy (GC/MS) or near infrared (NIR).

The NIR is a physically non-destructive approach, rapid, reproducible and inexpensive
(NANSEN et al., 2015). This technique generates absorption spectra in the near-infrared range of
about 4000 to 12,500 cm-1. The functional groups of the molecules in the insect body have

characteristic vibration frequency in certain sections of that spectrum (SCARFF et al., 2006)
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providing a view of the chemical "signature” of a sample scanned (LEE; EHSANI, 2015; LIU et al.,
2015).

NIR was applied to identify species and subspecies of the termites of the genus Zootermopsis
with over 80% accuracy (ALDRICH et al., 2007) and of the cryptic ant species Tetramorium
caespitum L., 1758 and Tetramorium impurumi L., 1758, with an accuracy of 98.8% (BULAT,;
KLARICA, 2011). NIR identified netsmate of weaver ants, Oecophylla smaragdina, with over
76.5% accuracy (NEWEY; ROBSON; CROZIER, 2008), but the relationship between cuticular
hydrocarbons in social insects of the same species and subspecies by NIR approach has not been
studied. This would be important for the knowledge of the foraging area of Syntermes, allowing
more accurate decisions to be made in the integral management of these pests. The partial least
squares discriminant analysis (PLS-DA) with infrared spectroscopy (NIR) was used to identify the

colonial origin of S. grandis.

4.2 MATERIAL AND METHODS

Termite data set

Six S. grandis colonies were identified and mapped with GPS (Global Positioning System)
in pastures with predominantly Urochloa decumbens Stapf. vegetation in Lavras (Latitude
21°14743”, Longitude 44°59'59" and 919m of altitude), Minas Gerais State, Brazil. Each termite
colony was excavated and 30 workers and 30 soldiers were collected, identified at species level and
kept in 95% alcohol. The distance between the S. grandis colonies in the field ranged from 13.4 to
1055.5 m.

Spectral analysis of termites using near infrared spectroscopy (NIR)

The spectral measurement of termites was made in specimens removed from alcohol, dried
at room temperature for 30 minutes and placed at the dorsal position with the center of their
abdomen at the spectrometer head. A Bruker® spectrometer Tensor 27 model with integral IR
source issued the near-infrared reflectance (9000-7000 cm-1). The reflectance of near infrared
absorbance was recorded as log (1/reflectance) at 3.85cm-1 intervals, totaling 545 absorbance
measurements along the spectrum. The spectrophotometer collected 256 readings per termites by
measuring absorbance, producing an average spectrum. This constituted the reading database for

each of the 30 workers and 30 soldiers from each of six colonies, totaling 360 insects measured.
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Statistical analysis

The spectra obtained was pre-processed to correct the baseline (baseline correction) with
normal standard variables (SNV) and the linear trend by least squares was removed (detrend)
(CANAZA-CAYO; ALOMAR; QUISPE, 2013). Partial Least Squares Discriminant Analysis
(PLS-DA), a special case of Partial Least Squares Regression (PLSR) technique for categorical
variables but not quantitative (PEREZ-ENCISO; TENENHAUS, 2003), was used to detecting a
spectral pattern per S. grandis colony. A total of 545 absorbance measurements per individual
undergone PLS-DA regression, where the effect of collinearity of the model data can be reduced,
with higher efficiency and maximizing the correlation between the predictor absorbance
measurements and the response variable (MEVIK; CEDERKVIST, 2004). The partial least squares
regression is described by the equation: X=TP’ + E, Y = UQ’ + F, where X is the predictor matrix;
Y is the response matrix; T-scores = X; U = Y-scores; P = X-loadings; Q = Y-loadings; E = X-
residuals; and F = Y-residuals (GELADI; KOWALSKI, 1986; YE et al., 2008).

The number of main components according to the classification error rate as envisaged by
the cross-validation process by leave-one-out (MEVIK; WEHRENS, 2007) was selected to
minimize PLS-DA regression errors adjusted. The predictor variables to include in the PLS-DA
regression were chosen with the calculation of variable importance in projection (VIP)
(CORNILLON; MATZNER-LOBER, 2007), which determines the contribution of each absorbance
measurement in the data set and identifies the most important measures for predicting the termite
colony which belongs.

Adjustment and calibration of PLS-DA regression were conducted with a subset of 40
individuals per colony (20 workers and 20 soldiers) and the prediction in another 20 individuals of
each colony (10 workers and 10 soldiers) as validation data. The PLS-DA regression adjusted was
applied to the prediction of 120 termites (60 workers and 60 soldiers) used for the validation order
to determine the termite colony which each belong, in valued varieties. The accuracy of the PLS-
DA regression model was obtained by the simple ratio of the number of termites of each variety
rightly classified per total termites analyzed. Analyses were performed using the R software (R
DEVELOPMENT CORE TEAM, 2017) and mixOmics packages (GROC et al., 2017) (GROC et
al., 2017) and pracma (HUBBERT; MULLER, 2006).
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4.3 RESULTS

The spectra obtained by termite colony and different castes, after pre-processing, showed a
similar spectral pattern in relation to the absorbance peaks (Fig 1), as expected because they are

individuals of the same species.

Figure 1. Absorbance of infrared spectrum (9000-7000 cm'l) to 240 workers and 240 soldiers used in
setting the discriminant regression analysis by partial least squares (PLS-DA).

Syntermes grandis workers

Absorbance Units

9000 8500 8000 7500 7000

Wavelength(cm-1)

Syntermes grandis soldiers

0.5
1

Absorbance units

0.0

-0.5
1

9000 8500 8000 7500 7000

Wavelength (cm-1)

The error rate of cross-validation of regressions set with Partial Least Squares Discriminant
Analysis (PLS-DA) for workers with seven main components was 0.016. The accuracy of the
models set with main components 1 and 2 show greater differences, respectively, 0.675 and 0.349
(Fig 2A). The analysis of the soldier’s caste showed five components with validation error of 0.025.

The values were 0.650 and 0.500 for the first and second components, respectively (Fig 2B). The
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two varieties showed marked variation between them, which can be explained by lower number of

principal components selected for the soldiers (five) than for the workers (seven).

Figure 2. Classification error rate of cross validation for S. grandis workers (A) and soldiers (B) based

on adjust of the discriminant regression analysis by partial least squares (PLS-DA).
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The determination of the most important absorbance measurements for the colony

identification which termites belong with selection of the main in the projection variables (VIP) was

performed after setting the number of main components of the model. The calculation of VIP for

the workers showed seven absorbance measurements of the most important spectrum:
8776.12369cm-1  (VIP = 2.0920), 8772.26605 cm-1  (VIP= 1.8905), 8722.11678cm-1 (VIP
=1.6700), 8768.40842cm-1 (VIP = 1.6454), 8752.97787cm-1 (VIP = 1.6082), 8999.86662cm-1
(VIP= 1.4740) and 8718.25914cm-1 (VIP= 1.4611) (Fig 3A). The most important absorbance
measurements for soldiers were five: 8583.24185cm-1 (VIP= 2.3727), 8556.23839 cm-1 (VIP=
2.0231), 8587.09949cm-1 (VIP= 1.9830), 8579.38421cm-1 (VIP= 1.9792) and 8104.89489 cm-1

(VIP=1.9557) (Fig 3B).
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Figure 3. Important variables in the projection (VIP) for S. grandis workers and soldiers based on
adjust of the discriminant regression analysis by partial least squares (PLS-DA).
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The S. grandis soldiers had higher VIP values than the workers. A smaller number of
components was needed to define the colony to which workers belong compared to soldiers of this
termite (Figs 3A and 3B). The accuracy of the model to classify workers was 99.9% (no worker
misclassified) and 98.3% for soldiers (one soldier misclassified out of 60).

4.4 DISCUSSION

The PLS-DA regression applied to spectrum absorbance in the near infrared proved to be a
promising approach to identifying colonial origin of workers and soldiers of the termite S. grandis.
This high accuracy in identifying corroborates reports using this technique to identify Oecophylla
smaragdina (Fabricius, 1775) (NEWEY; ROBSON; CROZIER, 2008) or separate cryptic species
of the genus Tetramorium (BULAT; KLARICA, 2011). The method showed extremely importance
in the qualitative characterization of the colonial phenotypic response of S. grandis, correlating the
spectral pattern to molecular data of this species as found for maize weevils (Sitophilus zeamais
Mots., 1855) (Coleoptera: Curculionidae) and larger black flour beetles (Cynaus angustus Leconte,
1851) (Coleoptera: Tenebrionidae) (NANSEN et al., 2015).

The selected wavelengths to separate workers (8718 to 9000cm-1) and soldiers (8105 to
8567cm-1) of S. grandis correspond to molecular vibration of the chemical group of aliphatic and
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aromatic hydrocarbons (WORKMAN; WEYER, 2007). In another study with the termite
Coptotermes formosanus Shiraki in the United States, quantitative differences in the hydrocarbon
components separate castes and populations into different concentration profiles. Stepwise and
canonical discriminant analysis were used to choose and display seven hydrocarbon components
for workers and three for soldiers that best reveal the differences among populations. Within-
population variation is low compared to the differences among populations. These results suggest
that C. formosanus from Hallandale, Florida; New Orleans, Louisiana; and Lake Charles,
Louisiana, are not related to those from Honolulu, Hawaii, and probably originated from other
geographical locations (HAVERTY; NELSON; PAGE, 1990).

Variability in the spectra of soldiers and workers of S. grandis shows that cuticular
hydrocarbons of termites can be used for recognizing individuals of the same colony and even as a
chemo-taxonomic tool for groups difficult to identify (BAGINE; BRANDL; KAIB, 1994;
HAVERTY et al., 1988; PERDEREAU et al., 2010). Individuals of different colonies may be
separated by gas chromatography (GC) based on the hydrocarbons in insect cuticle (KAIB et al.,
2002), but this technique is 1000 times more expensive than the reflectance in the near infrared
(NIR) (BULAT; KLARICA, 2011). The NIR technique is cheaper and detected chemical changes
in the cuticular hydrocarbons of these insects without the need of identifying the composition of
these molecules.

The variation in the length of the near infrared spectrum waves of S. grandis workers and
soldiers from the same nest may be due to differences in the abdomen of these individuals
(CONSTANTINO, 1995). This region is the most homogenous body part of termites but different
chemical “signatures” may have been captured due to minor morphological changes (ALDRICH et
al., 2007). However, these variations in the formation of hydrocarbons do not compromise the
colonial recognition of individuals of a colony.

The approach of regression discriminant analysis by partial least squares (PLS-DA) is a
suitable statistical method to treat qualitative data such as species or individuals of a population or
colony. Multivariate Regression by partial least squares (PLS) developed for quantitative variables
were used for Cotesia flavipes (Cameron, 1891), Cotesia sesamiae (Cameron, 1906) (COLE et al.,
2003) and Plemeliella abietina Seitner, 1908 (TIGABU; ODEN; SHEN, 2004).

This study represents a validation of the proposed use of PLS-DA regression applied to
spectrum absorbance in the near infrared to the genus Syntermes. This may be used to establish a
relationship between the foraging holes and colonial origin of other species of this genus with
cryptic and subterranean nests as Syntermes molestus (Burmeister, 1839) and Syntermes nanus
Constantino, 1995. This work can be used to design field ecological studies to identify colony
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territorial competition and foraging behavior of termite species. The near-infrared spectroscopy

(NIR) is a high-precision approach to identifying the origin of the colony of S. grandis workers and
soldiers.
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5 ARTIGO 2

ESTIMATIVA DA AREA DE FORRAGEAMENTO DE Syntermes nanus (BLATTODEA:
TERMITIDAE) COM O USO DE NIR COMBINADO A ESTATISTICA ESPACIAL

RESUMO

Os ninhos do cupim Syntermes nanus sdo subterraneos e sdo detectaveis apenas pelos orificios
externos de forrageamento. Pesquisas tentam estimar o tamanho desses ninhos ou da sua area de
forrageamento para inferir sobre sua capacidade de dano em cultivos florestais. Portanto, o objetivo
desse trabalho foi estimar a area de forrageamento de Syntermes nanus com o uso de NIR
combinado a estatistica espacial. Para cada inseto, o espectrofotdbmetro automaticamente coletou 15
leituras que produziram um espectro médio. Para a analise dos dados gerados visando a deteccao de
um padrdo espectral para cada ninho, foi empregado o modelo matemético de minimos quadrados
parciais (PLS), o nimero de variaveis latentes foi definido através de validacdo cruzada
empregando-se as amostras de um conjunto advindo de calibracdo. Os espectros mais
correlacionados entre si pela andlise de componentes principais (PCA) dentre os 1556
comprimentos de onda coletados foram os dez espectros no intervalo de 7020,89648 cm-1 a
7055,16524cm-1, a cada 3,85764 cm-1, que coincide com os maiores valores de absorbancia
encontrados. A metodologia testada ndo possibilitou a identificacdo de individuos oriundos de uma
mesma colénia, provavelmente pelo pequeno numero de cupins utilizados por orificio, associado a
uma sutil modificagdo nos hidrocarbonetos cuticulares que identificam a colonia dos mesmos néo
ter sido “capturada” pela abordagem da PERMANOVA empregada, que ¢ exigente em relacdo aos
intervalos de confianca gerados para a separagdo ou ndo dos mesmos. Refinamentos com outras
abordagens multivariadas se fazem necessarias para um resultado mais assertivo, caso haja
possibilidade de separacéo colonial pelo emprego do NIR aplicado aos hidrocarbonetos cuticulares
de cupins. Concluimos que a técnica de NIR ndo permitiu a separacdo de colénias do cupim
Syntermes nanus, impossibilitando a determinacéo da area de forrageamento dessa espécie.

Palavras-chaves: cupins; forrageamento; hidrocarbonetos cuticulares

ABSTRACT
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Syntermes nanus termite nests are subterranean and are only detectable by external foraging holes.
Research attempts to estimate the size of these nests or their foraging area to infer their ability to
damage forest crops. Therefore, the objective of this study was to estimate the foraging area of
Syntermes nanus with the use of NIR combined with spatial statistics. For each insect, the
spectrophotometer automatically collected 15 readings that produced a mean spectrum. For the
analysis of the data generated to detect a spectral pattern for each nest, the mathematical model of
partial least squares (PLS) was used, the number of latent variables was defined through cross
validation using the samples of a set coming calibration. The spectra most correlated to each other
by principal component analysis (PCA) among the 1556 wavelengths collected were the ten spectra
in the range of 7020.89648 cm-1 to 7055.1655 cm-1, each 3.85764 cm-1, which coincides with the
highest absorbance values found. The methodology tested did not allow the identification of
individuals from the same colony, probably due to the small number of termites used per hole,
associated to a subtle modification in the cuticular hydrocarbons that identify the colony of the same
ones not to have been "captured" by the approach of PERMANOVA employed, which is demanding
in relation to the confidence intervals generated for the separation of the same. Refinements with
other multivariate approaches are necessary for a more assertive result if there is a possibility of
colonial separation by the use of NIR applied to termite cuticular hydrocarbons. We conclude that
the NIR technique did not allow the separation of colonies of the termite Syntermes nanus, making
it impossible to determine the foraging area of this species.

Keywords: termites; cuticular hydrocarbons; foraging

5.1 INTRODUCAO
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Os ninhos subterraneos de cupins geralmente dispdem de uma arquitetura que permite o
controle do microclima interno e a seguranga contra a predacdo. No caso de Syntermes, o ninho
serve também como local de estoque de alimento forrageado (ALDRICH et al., 2007) (NOIROT;
DARLINGTON, 2000), permitindo comportar uma populacdo média de 34.000 individuos
(LEPAGE; DARLINGTON, 2000). As estruturas dos ninhos de Syntermes sdo variaveis e
complexas, podendo ser completamente subterraneos, subterraneos com terra solta na superficie do
solo e monticulos compactos sobre 0 solo (CONSTANTINO, 1995). Porém, as espécies-praga de
maior importancia econdbmica como S. molestus e S. nanus sdo estritamente subterraneos e
localizados a 3m de profundidade (CONSTANTINO, 1995), tendo orificios de forrageamento na
superficie do solo, como Unico indicio da sua presenca no local (MARTIUS; WELLER, 1998).

Estes orificios sdo aberturas de galerias que comunicam o ninho ao meio externo e formam
o territorio ou area de forrageamento destes cupins (DARLINGTON, 1993; MARTIUS; WELLER,
1998), no entanto, até o presente momento ndo se conhece o tamanho dessa area e se diferentes
colénias podem compartilhar 0o mesmo territério. Tal informacdo €& importante para o
desenvolvimento de programas de manejo desses cupins.

Atualmente, os estudos bioecoldgicos, levantamento de espécies e monitoramento destes
cupins sdo realizados através de indices populacionais, sendo a contagem dos orificios de
forrageamento o parametro de avaliagdo mais utilizado (DOS SANTOS et al., 2011; MARTIUS;
WELLER, 1998). Porém, esse parametro ndo permite representar a densidades dos ninhos por
unidade de area como para formigas cortadeiras (ZANETTI et al., 2000, 2003) e para o cupim-de-
monticulo Cornitermes spp. (BUSCHINI, 2006), portanto, trabalhos que elucidarem esse problema
permitiria uma melhor compreensdo bioecoldgica destes insetos. Do ponto de vista do manejo
integrado de pragas, a determinacdo da area de forrageamento destes cupins permitira a elaboracéo
de desenhos amostrais mais precisos e possibilitara a estimativa de dano econémico com base no
tamanho do ninho.

Uma maneira de estimar a area de forrageamento desses cupins é identificar a origem
colonial dos orificios. Existem atualmente metodologias que permitem separar insetos sociais que
pertencem a diferentes coldnias dentro da mesma espécie, como 0 emprego da cromatografia gasosa
(CG) (KAIB et al., 2002) e a espectroscopia no infravermelho préximo (NIR) (ALDRICH et al.,
2007; NEWEY; ROBSON; CROZIER, 2008). Essa separagdo é possivel devido aos cupins
discriminarem individuos da mesma coldnia pela constituicdo de seus hidrocarbonetos cuticulares
(HOWARD; BLOMQUIST, 2005), portanto, individuos de colbnias distintas vdo apresentar

diferente constituicdo molecular destes hidrocarbonetos que sdo detectadas quando submetidos
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tanto a analises com CG como NIR. Grande parte dos trabalhos tem sido produzida com o NIR por

ser mais rapido e barato quando comparado a CG (NEWEY; ROBSON; CROZIER, 2008).
Portanto, o0 objetivo desse trabalho foi identificar os individuos da mesma colbnia para

estimar a area de forrageamento de Syntermes nanus (Blattodea: Termitidae) com o uso de NIR

combinado a estatistica espacial.

5.2 MATERIAL E METODOS

O estudo foi conduzido numa area de implantacdo de eucalipto no municipio de Trés Marias,
Minas Gerais, Brasil (18° 12" 21" S; 45° 14’ 31" W; e altitude de 538 m). A area era originalmente
constituida pelo bioma Cerrado, onde se concentra a maioria das florestas cultivadas com eucalipto
no Brasil. O local amostrado era plano com dominio de Brachiaria decumbens, gramineas, arbustos
e arvores do cerrado de pequeno porte espacadas. Pertence a classe climatica Aw (PEEL;
FINLAYSON; MCMAHON, 2007), constituida pelo clima tropical umido de savana.

Foi selecionado um talh&o de 33,6 ha destinado para a implantacdo com eucalipto, onde foi
previamente constatada a presenca de cupins subterraneos do género Syntermes. Foram locadas 22
parcelas de 100x100m sistematicamente distribuidas e mais 8 pontos aleatoriamente distribuidos na
area. Parcelas circulares de 5m de raio (78,54m2) foram marcadas no centro de cada parcela
retangular. No centro de cada parcela circular foi instalado um tripé dotado de bussola, trena a laser
digital e GPS (Global Position System). Todos os orificios de forrageamento de Syntermes nanus
do interior da parcela circular foram localizados, marcados com estaca. Foi medida a distancia de
cada orificio até o ponto central da parcela e 0 angulo entre eles para gerar um mapa da distribuicdo
dos orificios dentro da parcela.

Todos cupins presentes foram coletados em cada orificio ativo, sendo posteriormente
mantidos em alcool a 80%, morfo-especiados e identificados ao nivel de espécie. As coletas foram
noturnas e diarias, a partir do horario de pico destes cupins, entre 23:00h e 00:00h (Barbosa, 1993),
durante o periodo de quinze dias.

Para determinacdo da correspondéncia entre os orificios de forrageamento de Syntermes
nanus com o ninho foi utilizada a técnica de espectroscopia no infravermelho préximo (NIR), que
permite determinar o padrdo espectral intracolonial de cada individuo coletado (NEWEY;
ROBSON; CROZIER, 2008).

Para a medicdo espectral dos cupins foi utilizada o método utilizado por Aldrich et al. (2007),
no qual os espécimes foram removidos do alcool e secos a temperatura ambiente por 30 minutos,

sendo posteriormente posicionados na posi¢do dorsal com centro do abdémen sobre o leitor do
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espectrometro. A reflectancia infravermelha préxima (9000-7000 cm-1) foi emitida por um
espectrometro Bruker®, modelo Tensor 27 com fonte de integral IR. As reflectancias de
infravermelho préximo foram gravadas como absorbéncia ou log (1/reflectancia) em intervalos de
3,85cm-1, totalizado 545 medidas de absorbancia ao longo do espectro. Para cada inseto, o
espectrofotdmetro coletou 256 leituras de cada medida de absorbancia, que produziram um espectro
médio e constituiu-se no banco de dados de leituras para cada um dos operarios e soldados coletados
em cada orificio. Os espectros obtidos passaram por uma fase de pré- processamento, constituido
por correcdo da linha base (baseline correction), primeiro utilizando filtro linear constituido por
médias moveis (TSUNASHIMA; YANAGISAWA, 2009), seguido de interpolacdo spline,
normalizada pela divisdo dos dados observados pela linha interpolada (CLARK; ROUSH, 1984).

Para cada inseto, o espectrofotdmetro automaticamente coletou 15 leituras que produziram
um espectro médio. Para a analise dos dados gerados visando a detec¢do de um padrdo espectral
para cada ninho de Syntermes, foi empregado 0 modelo matematico de minimos quadrados parciais
(PLS), o numero de variaveis latentes foi definido através de validacdo cruzada empregando-se as
amostras de um conjunto advindo de calibracdo. Os individuos oriundos de orificios com mesmo
padrdo espectral possibilitaram a discriminacdo entre orificios de forrageamento pertencentes ao
mesmo ninho.

Para a determinacdo de um padrdo intracolonial entre os orificios que permitisse o
reconhecimento de orificios de forrageamento que pertencem a mesma coldnia foi utilizado,
inicialmente, uma andlise de componentes principais para a escolha das 10 variaveis resposta mais
correlacionadas entre si e, posteriormente, foi realizada um contraste par a par entre cada orificio de
forrageamento, utilizando a anélise de varidncia permutativa multivariada (PERMANOVA)
(ANDERSON, 2001) com distancia de Mahalanobis (PERUMAL; BHASKARAN, 2010), para
permitir uma andlise sem viés, com um nivel de significancia de <0,05, usando 999 simulagdes.
Para calibracdo da metodologia foram utilizados 30 operarios de cupins de uma mesma coldnia da
espécie Syntermes grandis (Rambur, 1842) com grupo externo. As analises estatisticas foram
realizadas com o programa R (R DEVELOPMENT CORE TEAM, 2017).

5.3 RESULTADOS E DISCUSSAO
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A medicdo espectral dos cupins utilizando o NIR resultou em 424 espectros, um espectro
médio para cada operario analisado, correspondentes a 52 orificios diferentes coletados, em cada
orificio foram coletados nimeros de operarios que variaram de 8 a 23 operarios (Figura 1). Existe
similaridade espectral aparente nos picos observados, sendo as analises subsequentes realizadas

sobre os valores observados na amplitude espectral coletada (Figura 1).

Figura 1. Absorbancia do espectro no infravermelho préximo (10000-4000 cm-1) para 424 operéarios
coletados em 52 orificios de forrageamento de Syntermes nanus, apos corre¢do da linha base.
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Os espectros mais correlacionados entre si pela analise de componentes principais (PCA)
dentre os 1556 comprimentos de onda coletados foram os dez espectros no intervalo de 7020,89648
cm-1a7055,16524cm-1, a cada 3,85764 cm-1, que coincide com os maiores valores de absorbancia
encontrados (Figura 2). A maior variancia explicada se concentrou no primeiro componente

principal e a partir de seis componentes, ndo houve mais acréscimo de variancia.

Figura 2. Espectros mais correlacionados entre si com dez componentes pela analise de componentes
principais (PCA) para 424 operéarios coletados em 52 orificios de forrageamento de Syntermes nanus.
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As dez bandas espectrais mais correlacionadas entre si mostraram diferencas entre as
colénias de cupins estudados pela Permutational Multivariate Analysis of Variance
(PERMANOVA) usando distincia de Mahalanobis (Pseudo-F= 1626,9; p=0,001; GL=51). A
analise de contraste para a par usando a PERMANOVA foi empregada para estimar individuos de
colonias semelhantes e diferentes (Tabela 1A).

O desdobramento par a par dos espectros ndo evidenciou semelhanca entre 0s espectros e
cada orificio de S. nanus. Isso significa que cada orificio deve ser considerado com uma coldnia do
ponto de vista estatistico/matematico (Tabela 1A e Figura 3). No entanto, isso ndo parece provavel
em termos bioldgicos, uma vez que alguns orificios sdo muito proximos de outros. Ainda €
necessario refinamento de calculo para demostrar se esse resultado se encontra correto, no entanto,
0 presente resultado ndo permitiu o calculo da area de forrageamento dessa espécie de cupim pela

abordagem empregada, baseada na suposi¢do que cada orificio de S. nanus € uma coldnia.

Figura 3. Representacédo dos orificios de forrageamento de Syntermes nanus amostrados em campo.
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O método testado ndo possibilitou a identificacdo de individuos oriundos de uma mesma
colénia, provavelmente pelo pequeno numero de cupins utilizados por orificio (8 individuos),
associado a uma sutil modificacdo nos hidrocarbonetos cuticulares que identificam a col6nia dos
mesmos nao ter sido “capturada” pela abordagem da PERMANOVA empregada, que ¢ exigente em
relacdo aos intervalos de confianca gerados para a separacéo ou nao dos mesmos (Tabela 1).

Refinamentos com outras abordagens multivariadas se fazem necessarios para um resultado
mais assertivo, caso haja possibilidade de separacdo colonial pelo emprego do NIR aplicado aos
hidrocarbonetos cuticulares de cupins. Portanto, a metodologia aplicada para S. grandis nao foi
adequada para separar individuos da mesma col6nia de S. nanus, pois 0 maior valor amostral
encontrado foi de 23 operarios, indicando que um namero maior de individuos (n=30) deve ser
considerado para se obter éxito na separacdo da origem colonial de S. nanus com a metodologia
proposta. Em funcdo disso, ndo foi possivel determinar a area de forrageamento dessa espécie com
0 uso do NIR.

O trabalho de (NEWEY; ROBSON; CROZIER, 2008) verificou que os individuos dentro
de uma mesma col6nia eram em média significativamente mais semelhantes do que individuos de
outras colbnias. Esse estudo ampliou os achados de (VAN WILGENBURG; DRIESSEN;
BEUKEBOOM, 2006), e confirma que em grandes colonias de formigas, 0s ninhos individuais
variam em seu perfil quimico. Pequenas variacBes no micro-habitat, na dieta e troca imperfeita de
componentes quimicos entre ninhos, provavelmente sdo responsaveis por essas diferencas. Em
cupins existe pouca variacdo quimica dentro das coldnias, pois os individuos sdo relativamente
semelhantes, variando a quantidade de hidrocarbonetos dentro de cada casta. Embora a técnica do
NIR tenha conseguido separar coldnias de S. grandis, sdo necessarios mais estudos para aprimorar
essa técnica para separar col6nias de S. nanus.

No trabalho realizado por (ALDRICH et al., 2007) a espectroscopia de refletancia no
infravermelho proximo permitiu a identificacdo de espécies e subespecies de Zootermopsis com

uma precisdo média de 95% usando analise de minimos quadrados parciais e 100% usando analise
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de redes neurais. Em resumo, os resultados mostraram que os espectros de refletancia no
infravermelho préximo analisados por minimos quadrados parciais ou anélise espectral de redes
neurais podem ser usados para identificar rapida e precisamente espécies e subespécies de
Zootermopsis. Em nosso presente trabalho a tecnologia do NIR nédo conseguiu separar os individuos
de diferentes ninhos e algumas atribuicbes podem ser dadas a esse fato. Os cupins do género
Syntermes sdo semelhantes biologicamente, apresentam organizagdo em ninhos subterraneos e
muitos trabalhos mostram que cupins ndo sdo insetos territorialistas, pois aceitam inquilinos
diversos, sejam eles outras col6nias ou outras espécies de cupins. Isso pode explicar o fato de haver
sobreposicao de ninhos e a técnica do NIR néo conseguir separar 0s individuos.

Concluimos que a técnica de NIR ndo permitiu a separacao de coldnias do cupim Syntermes
nanus, impossibilitando a determinacdo da area de forrageamento dessa espécie.
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Tabela 1 A (Anexo). Desdobramento da PERMANOVA pela distancia de Mahalanobis para comparagéo

de espectros dos 52 orificios de Syntermes nanus.

Par de Pontos Valor teste GL p p significancia
grandis-P12A 1.14637E+17 |1 0.001 0.001 *
grandis-P12B 1.80144E+17 |1 0.002 0.002 *
grandis-P12C 0.22689E+16 |1 0.002 0.002 *
grandis-P12D 8.40672E+16 |1 0.001 0.001 *
grandis-P12E 0.22689E+16 |1 0.001 0.001 *
grandis-P13A 1.80144E+17 |1 0.002 0.002 *
grandis-P142 2.22531E+17 |1 0.001 0.001 *
grandis-P148 8.40672E+16 |1 0.001 0.001 *
grandis-P15A 14 0.5 0.001 0.001 *
grandis-P15D 1.14637E+17 |1 0.001 0.001 *
grandis-P15E 2.22531E+17 |1 0.001 0.001 *
grandis-P15F 0.22689E+16 |1 0.001 0.001 *
grandis-P15G 8.40672E+16 |1 0.001 0.001 *
grandis-P15H 1.51321E+17 |1 0.001 0.001 *
grandis-P15I 0.22689E+16 |1 0.001 0.001 *
grandis-P15J 2.22531E+17 |1 0.001 0.001 *
grandis-P16A 0.22689E+16 |1 0.001 0.001 *
grandis-P16B 1.14637E+17 |1 0.001 0.001 *
grandis-P16C 1.80144E+17 |1 0.002 0.002 *
grandis-P16D 8.40672E+16 |1 0.001 0.001 *
grandis-P16E 0.22689E+16 |1 0.001 0.001 *
grandis-P16F 0.22689E+16 |1 0.002 0.002 *
grandis-P16G 0.22689E+16 |1 0.002 0.002 *
grandis-P16H 1.80144E+17 |1 0.001 0.001 *
grandis-P16K 8.40672E+16 [1 0.001 0.001 *
grandis-P1A 1.02244E+17 |1 0.001 0.001 *
grandis-P21A 1.51321E+17 |1 0.001 0.001 *
grandis-P27B 0.22689E+16 |1 0.001 0.001 *
grandis-P27C 1.14637E+17 |1 0.001 0.001 *
grandis-P27E 8.40672E+16 |1 0.001 0.001 *
grandis-P2A 0.22689E+16  [1 0.001 0.001 *
grandis-P2D 1.51321E+17 |1 0.001 0.001 *
grandis-P2F 1.14637E+17 |1 0.001 0.001 *
grandis-P2G 1.51321E+17 |1 0.001 0.001 *
grandis-P34 1.51321E+17 |1 0.001 0.001 *
grandis-P37 0.22689E+16 |1 0.001 0.001 *
grandis-P3A 1.14637E+17 |1 0.001 0.001 *
grandis-P3B 1.80144E+17 |1 0.002 0.002 *
grandis-P3D 2.22531E+17 |1 0.001 0.001 *
grandis-P3E 1.51321E+17 |1 0.001 0.001 *
grandis-P3F 2.22531E+17 |1 0.001 0.001 *
grandis-P492 2.22531E+17 |1 0.001 0.001 *
grandis-P6A 8.40672E+16 [1 0.001 0.001 *
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grandis-P6B 1.14637E+17 |1 0.001 0.001 *
grandis-P6C 1.51321E+17 |1 0.001 0.001 *
grandis-P7B 2.22531E+17 |1 0.001 0.001 *
grandis-P7C 1.51321E+17 |1 0.001 0.001 *
grandis-P7D 0.22689E+16 |1 0.001 0.001 *
grandis-P7E 0.22689E+16 [1 0.002 0.002 *
grandis-P7F 1.14637E+17 |1 0.001 0.001 *
grandis-P7G 1.14637E+17 |1 0.001 0.001 *
grandis-P7H 2.22531E+17 (1 0.001 0.001 *
P12A-P12B 1.51321E+17 1 0.002 0.002 *
P12A-P12C 1.14637E+17 (1 0.001 0.001 *
P12A-P12D 0.22689E+16 |1 0.001 0.001 *
P12A-P12E 0.22689E+16 |1 0.001 0.001 *
P12A-P13A 1.14637E+17 (1 0.001 0.001 *
P12A-P142 1.80144E+17 1 0.001 0.001 *
P12A-P148 2.22531E+17 1 0.001 0.001 *
P12A-P15A 14 0. 0.001 0.001 *
P12A-P15D 8.40672E+16 |1 0.001 0.001 *
P12A-P15E 1.51321E+17 1 0.001 0.001 *
P12A-P15F 1.51321E+17 (1 0.001 0.001 *
P12A-P15G 0.22689E+16 |1 0.001 0.001 *
P12A-P15H 8.40672E+16 1 0.001 0.001 *
P12A-P15I 2.22531E+17 |1 0.001 0.001 *
P12A-P15] 1.51321E+17 (1 0.001 0.001 *
P12A-P16A 2.22531E+17 |1 0.001 0.001 *
P12A-P16B 0.22689E+16 |1 0.001 0.001 *
P12A-P16C 1.51321E+17 (1 0.001 0.001 *
P12A-P16D 1.14637E+17 1 0.001 0.001 *
P12A-P16E 1.51321E+17 (1 0.001 0.001 *
P12A-P16F 1.14637E+17 (1 0.001 0.001 *
P12A-P16G 0.22689E+16 |1 0.001 0.001 *
P12A-P16H 0.22689E+16 |1 0.001 0.001 *
P12A-P16K 1.14637E+17 (1 0.001 0.001 *
P12A-P1A 1.51321E+17 1 0.001 0.001 *
P12A-P21A 1.51321E+17 1 0.001 0.001 *
P12A-P27B 0.22689E+16 |1 0.001 0.001 *
P12A-P27C 2.22531E+17 |1 0.001 0.001 *
P12A-P27E 0.22689E+16 |1 0.001 0.001 *
P12A-P2A 0.22689E+16 |1 0.002 0.002 *
P12A-P2D 8.40672E+16 |1 0.001 0.001 *
P12A-P2F 1.14637E+17 1 0.002 0.002 *
P12A-P2G 0.22689E+16 |1 0.001 0.001 *
P12A-P34 0.22689E+16 |1 0.001 0.001 *
P12A-P37 0.22689E+16 |1 0.001 0.001 *
P12A-P3A 8.40672E+16 |1 0.001 0.001 *
P12A-P3B 1.80144E+17 1 0.001 0.001 *
P12A-P3D 1.51321E+17 1 0.001 0.001 *
P12A-P3E 2.22531E+17 1 0.001 0.001 *
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P12A-P3F 1.51321E+17 |1 0.001 0.001 *
P12A-P492 2.22531E+17 |1 0.001 0.001 *
P12A-P6A 1.14637E+17 |1 0.001 0.001 *
P12A-P6B 0.22689E+16 |1 0.001 0.001 *
P12A-P6C 2.22531E+17 |1 0.001 0.001 *
P12A-P7B 0.22689E+16 |1 0.003 0.003 *
P12A-P7C 1.14637E+17 |1 0.001 0.001 *
P12A-P7D 0.22689E+16 |1 0.001 0.001 *
P12A-P7E 1.51321E+17 |1 0.001 0.001 *
P12A-P7F 1.30449E+17 |1 0.002 0.002 *
P12A-P7G 1.51321E+17 |1 0.001 0.001 *
P12A-P7H 0.22689E+16 |1 0.001 0.001 *
P12B-P12C 1.51321E+17 |1 0.002 0.002 *
P12B-P12D 1.14637E+17 |1 0.001 0.001 *
P12B-P12E 0.22689E+16 |1 0.001 0.001 *
P12B-P13A 1.14637E+17 |1 0.001 0.001 *
P12B-P142 2.22531E+17 |1 0.001 0.001 *
P12B-P148 1.51321E+17 |1 0.001 0.001 *
P12B-P15A 14 0. 0.001 0.001 *
P12B-P15D 1.51321E+17 |1 0.001 0.001 *
P12B-P15E 2.22531E+17 |1 0.001 0.001 *
P12B-P15F 1.14637E+17 |1 0.001 0.001 *
P12B-P15G 1.14637E+17 |1 0.002 0.002 *
P12B-P15H 8.40672E+16 |1 0.002 0.002 *
P12B-P15I 1.51321E+17 |1 0.001 0.001 *
P12B-P15J 0.22689E+16 |1 0.002 0.002 *
P12B-P16A 1.51321E+17 |1 0.001 0.001 *
P12B-P16B 0.22689E+16 |1 0.001 0.001 *
P12B-P16C 1.14637E+17 |1 0.001 0.001 *
P12B-P16D 8.40672E+16 |1 0.001 0.001 *
P12B-P16E 1.14637E+17 |1 0.001 0.001 *
P12B-P16F 1.14637E+17 |1 0.001 0.001 *
P12B-P16G 1.14637E+17 |1 0.001 0.001 *
P12B-P16H 1.51321E+17 |1 0.001 0.001 *
P12B-P16K 1.14637E+17 |1 0.001 0.001 *
P12B-P1A 8.40672E+16 |1 0.001 0.001 *
P12B-P21A 1.14637E+17 |1 0.001 0.001 *
P12B-P27B 1.51321E+17 |1 0.001 0.001 *
P12B-P27C 0.22689E+16 |1 0.001 0.001 *
P12B-P27E 0.22689E+16 |1 0.001 0.001 *
P12B-P2A 1.14637E+17 |1 0.001 0.001 *
P12B-P2D 1.02244E+17 |1 0.001 0.001 *
P12B-P2F 0.22689E+16 |1 0.001 0.001 *
P12B-P2G 0.22689E+16 |1 0.002 0.002 *
P12B-P34 1.51321E+17 |1 0.001 0.001 *
P12B-P37 1.80144E+17 |1 0.001 0.001 *
P12B-P3A 1.51321E+17 |1 0.001 0.001 *
P12B-P3B 1.30449E+17 |1 0.001 0.001 *




55

P12B-P3D 8.40672E+16 |1 0.001 0.001 *
P12B-P3E 1.02244E+17 |1 0.001 0.001 *
P12B-P3F 1.14637E+17 |1 0.001 0.001 *
P12B-P492 0.22689E+16 |1 0.001 0.001 *
P12B-P6A 1.14637E+17 |1 0.001 0.001 *
P12B-P6B 1.51321E+17 |1 0.001 0.001 *
P12B-P6C 0.22689E+16 |1 0.002 0.002 *
P12B-P7B 8.40672E+16 |1 0.001 0.001 *
P12B-P7C 0.22689E+16 |1 0.001 0.001 *
P12B-P7D 2.22531E+17 |1 0.001 0.001 *
P12B-P7E 2.22531E+17 |1 0.001 0.001 *
P12B-P7F 0.22689E+16 |1 0.001 0.001 *
P12B-P7G 8.40672E+16 |1 0.001 0.001 *
P12B-P7H 8.40672E+16 |1 0.001 0.001 *
P12C-P12D 0.22689E+16 |1 0.001 0.001 *
P12C-P12E 1.14637E+17 |1 0.001 0.001 *
P12C-P13A 8.40672E+16 |1 0.003 0.003 *
P12C-P142 1.51321E+17 |1 0.001 0.001 *
P12C-P148 1.51321E+17 |1 0.002 0.002 *
P12C-P15A 14 0. 0.001 0.001 *
P12C-P15D 8.40672E+16 |1 0.001 0.001 *
P12C-P15E 2.91002E+17 |1 0.001 0.001 *
P12C-P15F 0.22689E+16 |1 0.001 0.001 *
P12C-P15G 1.14637E+17 |1 0.001 0.001 *
P12C-P15H 2.22531E+17 |1 0.001 0.001 *
P12C-P15I 0.22689E+16 |1 0.001 0.001 *
P12C-P15J 0.22689E+16 |1 0.001 0.001 *
P12C-P16A 2.22531E+17 |1 0.001 0.001 *
P12C-P16B 8.40672E+16 |1 0.001 0.001 *
P12C-P16C 1.14637E+17 |1 0.001 0.001 *
P12C-P16D 0.22689E+16 |1 0.001 0.001 *
P12C-P16E 0.22689E+16 |1 0.001 0.001 *
P12C-P16F 1.51321E+17 |1 0.001 0.001 *
P12C-P16G 2.22531E+17 |1 0.001 0.001 *
P12C-P16H 2.22531E+17 |1 0.001 0.001 *
P12C-P16K 1.14637E+17 |1 0.002 0.002 *
P12C-P1A 2.22531E+17 |1 0.001 0.001 *
P12C-P21A 1.14637E+17 |1 0.001 0.001 *
P12C-P27B 2.22531E+17 |1 0.002 0.002 *
P12C-pP27C 1.51321E+17 |1 0.001 0.001 *
P12C-P27E 8.40672E+16 |1 0.001 0.001 *
P12C-P2A 0.22689E+16 |1 0.001 0.001 *
P12C-P2D 1.14637E+17 |1 0.001 0.001 *
P12C-P2F 1.51321E+17 |1 0.002 0.002 *
P12C-P2G 1.51321E+17 |1 0.001 0.001 *
P12C-P34 2.22531E+17 |1 0.001 0.001 *
P12C-P37 8.40672E+16 |1 0.002 0.002 *
P12C-P3A 0.22689E+16 |1 0.001 0.001 *
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P12C-P3B 1.80144E+17 |1 0.001 0.001 *
P12C-P3D 8.40672E+16 |1 0.002 0.002 *
P12C-P3E 0.22689E+16 |1 0.001 0.001 *
P12C-P3F 1.14637E+17 |1 0.001 0.001 *
P12C-P492 1.14637E+17 |1 0.001 0.001 *
P12C-P6A 1.14637E+17 |1 0.001 0.001 *
P12C-P6B 1.14637E+17 |1 0.001 0.001 *
P12C-P6C 2.22531E+17 |1 0.001 0.001 *
P12C-P7B 2.22531E+17 |1 0.001 0.001 *
P12C-P7C 2.22531E+17 |1 0.001 0.001 *
P12C-P7D 0.22689E+16 |1 0.001 0.001 *
P12C-P7E 1.80144E+17 |1 0.002 0.002 *
P12C-P7F 0.22689E+16 |1 0.001 0.001 *
P12C-P7G 1.80144E+17 |1 0.001 0.001 *
P12C-P7H 2.22531E+17 |1 0.001 0.001 *
P12D-P12E 1.14637E+17 |1 0.001 0.001 *
P12D-P13A 1.14637E+17 |1 0.001 0.001 *
P12D-P142 1.30449E+17 |1 0.001 0.001 *
P12D-P148 1.14637E+17 |1 0.002 0.002 *
P12D-P15A 14 0. 0.001 0.001 *
P12D-P15D 1.51321E+17 |1 0.001 0.001 *
P12D-P15E 1.14637E+17 |1 0.001 0.001 *
P12D-P15F 0.22689E+16 |1 0.001 0.001 *
P12D-P15G 1.14637E+17 |1 0.001 0.001 *
P12D-P15H 1.51321E+17 |1 0.002 0.002 *
P12D-P15I 1.30449E+17 |1 0.001 0.001 *
P12D-P15J 2.22531E+17 |1 0.001 0.001 *
P12D-P16A 1.14637E+17 |1 0.002 0.002 *
P12D-P16B 2.22531E+17 |1 0.001 0.001 *
P12D-P16C 0.22689E+16 |1 0.001 0.001 *
P12D-P16D 1.02244E+17 |1 0.001 0.001 *
P12D-P16E 0.22689E+16 |1 0.001 0.001 *
P12D-P16F 2.22531E+17 |1 0.002 0.002 *
P12D-P16G 1.14637E+17 |1 0.001 0.001 *
P12D-P16H 8.40672E+16 |1 0.001 0.001 *
P12D-P16K 2.22531E+17 |1 0.001 0.001 *
P12D-P1A 1.51321E+17 |1 0.001 0.001 *
P12D-P21A 1.51321E+17 |1 0.001 0.001 *
P12D-P27B 0.22689E+16 |1 0.001 0.001 *
P12D-P27C 1.14637E+17 |1 0.001 0.001 *
P12D-P27E 1.51321E+17 |1 0.001 0.001 *
P12D-P2A 1.80144E+17 |1 0.001 0.001 *
P12D-P2D 1.51321E+17 |1 0.001 0.001 *
P12D-P2F 2.22531E+17 |1 0.002 0.002 *
P12D-P2G 0.22689E+16 |1 0.001 0.001 *
P12D-P34 2.22531E+17 |1 0.002 0.002 *
P12D-P37 1.51321E+17 |1 0.001 0.001 *
P12D-P3A 0.22689E+16 |1 0.001 0.001 *
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P12D-P3B 1.51321E+17 |1 0.001 0.001 *
P12D-P3D 1.80144E+17 |1 0.001 0.001 *
P12D-P3E 1.14637E+17 |1 0.001 0.001 *
P12D-P3F 8.40672E+16 |1 0.001 0.001 *
P12D-P492 0.22689E+16 |1 0.001 0.001 *
P12D-P6A 1.14637E+17 |1 0.001 0.001 *
P12D-P6B 1.51321E+17 |1 0.001 0.001 *
P12D-P6C 0.22689E+16 |1 0.001 0.001 *
P12D-P7B 1.14637E+17 |1 0.001 0.001 *
P12D-P7C 0.22689E+16 |1 0.001 0.001 *
P12D-P7D 1.51321E+17 |1 0.002 0.002 *
P12D-P7E 2.22531E+17 |1 0.001 0.001 *
P12D-P7F 1.51321E+17 |1 0.002 0.002 *
P12D-P7G 1.51321E+17 |1 0.001 0.001 *
P12D-P7H 0.22689E+16 |1 0.001 0.001 *
P12E-P13A 1.51321E+17 |1 0.001 0.001 *
P12E-P142 1.51321E+17 |1 0.001 0.001 *
P12E-P148 8.40672E+16 |1 0.002 0.002 *
P12E-P15A 14 0. 0.001 0.001 *
P12E-P15D 0.22689E+16 |1 0.001 0.001 *
P12E-P15E 1.51321E+17 |1 0.001 0.001 *
P12E-P15F 1.51321E+17 |1 0.001 0.001 *
P12E-P15G 0.22689E+16 |1 0.002 0.002 *
P12E-P15H 0.22689E+16 |1 0.001 0.001 *
P12E-P15I 0.22689E+16 |1 0.001 0.001 *
P12E-P15] 1.14637E+17 |1 0.001 0.001 *
P12E-P16A 1.51321E+17 |1 0.001 0.001 *
P12E-P16B 1.51321E+17 |1 0.001 0.001 *
P12E-P16C 0.22689E+16 |1 0.001 0.001 *
P12E-P16D 1.14637E+17 |1 0.001 0.001 *
P12E-P16E 1.51321E+17 |1 0.002 0.002 *
P12E-P16F 0.22689E+16 |1 0.001 0.001 *
P12E-P16G 1.14637E+17 |1 0.001 0.001 *
P12E-P16H 2.22531E+17 |1 0.002 0.002 *
P12E-P16K 2.22531E+17 |1 0.001 0.001 *
P12E-P1A 1.51321E+17 |1 0.001 0.001 *
P12E-P21A 2.22531E+17 |1 0.001 0.001 *
P12E-P27B 1.14637E+17 |1 0.001 0.001 *
P12E-P27C 2.22531E+17 |1 0.001 0.001 *
P12E-P27E 2.22531E+17 |1 0.001 0.001 *
P12E-P2A 1.51321E+17 |1 0.002 0.002 *
P12E-P2D 1.14637E+17 |1 0.001 0.001 *
P12E-P2F 8.40672E+16 |1 0.001 0.001 *
P12E-P2G 0.22689E+16 |1 0.002 0.002 *
P12E-P34 1.30449E+17 |1 0.001 0.001 *
P12E-P37 1.02244E+17 |1 0.001 0.001 *
P12E-P3A 0.22689E+16 |1 0.001 0.001 *
P12E-P3B 0.22689E+16 |1 0.001 0.001 *
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P12E-P3D 1.14637E+17 |1 0.001 0.001 *
P12E-P3E 1.30449E+17 |1 0.001 0.001 *
P12E-P3F 2.22531E+17 |1 0.001 0.001 *
P12E-P492 1.51321E+17 |1 0.001 0.001 *
P12E-P6A 2.22531E+17 |1 0.001 0.001 *
P12E-P6B 8.40672E+16 |1 0.001 0.001 *
P12E-P6C 1.14637E+17 |1 0.001 0.001 *
P12E-P7B 1.80144E+17 |1 0.001 0.001 *
P12E-P7C 0.22689E+16 |1 0.002 0.002 *
P12E-P7D 0.22689E+16 |1 0.002 0.002 *
P12E-P7E 0.22689E+16 |1 0.001 0.001 *
P12E-P7F 1.14637E+17 |1 0.001 0.001 *
P12E-P7G 1.51321E+17 |1 0.002 0.002 *
P12E-P7H 2.22531E+17 |1 0.001 0.001 *
P13A-P142 1.14637E+17 |1 0.002 0.002 *
P13A-P148 0.22689E+16 |1 0.001 0.001 *
P13A-P15A 14 0. 0.001 0.001 *
P13A-P15D 1.51321E+17 |1 0.001 0.001 *
P13A-P15E 1.51321E+17 |1 0.001 0.001 *
P13A-P15F 2.22531E+17 |1 0.001 0.001 *
P13A-P15G 1.51321E+17 |1 0.001 0.001 *
P13A-P15H 8.40672E+16 |1 0.001 0.001 *
P13A-P15I 0.22689E+16 |1 0.001 0.001 *
P13A-P15] 2.22531E+17 |1 0.001 0.001 *
P13A-P16A 1.14637E+17 |1 0.002 0.002 *
P13A-P16B 2.22531E+17 |1 0.001 0.001 *
P13A-P16C 2.22531E+17 |1 0.002 0.002 *
P13A-P16D 0.22689E+16 |1 0.001 0.001 *
P13A-P16E 0.22689E+16 |1 0.001 0.001 *
P13A-P16F 2.22531E+17 |1 0.001 0.001 *
P13A-P16G 1.51321E+17 |1 0.002 0.002 *
P13A-P16H 2.22531E+17 |1 0.001 0.001 *
P13A-P16K 1.51321E+17 |1 0.001 0.001 *
P13A-P1A 1.80144E+17 |1 0.001 0.001 *
P13A-P21A 2.22531E+17 |1 0.001 0.001 *
P13A-P27B 2.22531E+17 |1 0.001 0.001 *
P13A-P27C 1.51321E+17 |1 0.001 0.001 *
P13A-P27E 1.51321E+17 |1 0.001 0.001 *
P13A-P2A 0.22689E+16 |1 0.001 0.001 *
P13A-P2D 2.22531E+17 |1 0.001 0.001 *
P13A-P2F 1.14637E+17 |1 0.001 0.001 *
P13A-P2G 2.22531E+17 |1 0.001 0.001 *
P13A-P34 2.22531E+17 1 0.001 0.001 *
P13A-P37 1.51321E+17 |1 0.001 0.001 *
P13A-P3A 0.22689E+16 |1 0.001 0.001 *
P13A-P3B 1.30449E+17 |1 0.001 0.001 *
P13A-P3D 8.40672E+16 |1 0.001 0.001 *
P13A-P3E 0.22689E+16 |1 0.002 0.002 *
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P13A-P3F 1.51321E+17 |1 0.001 0.001 *
P13A-P492 0.22689E+16 |1 0.001 0.001 *
P13A-P6A 1.51321E+17 |1 0.001 0.001 *
P13A-P6B 0.22689E+16 |1 0.001 0.001 *
P13A-P6C 1.51321E+17 |1 0.001 0.001 *
P13A-P7B 1.80144E+17 |1 0.001 0.001 *
P13A-P7C 0.22689E+16 |1 0.001 0.001 *
P13A-P7D 1.30449E+17 |1 0.001 0.001 *
P13A-P7E 1.14637E+17 |1 0.001 0.001 *
P13A-P7F 0.22689E+16 |1 0.001 0.001 *
P13A-P7G 0.22689E+16 |1 0.001 0.001 *
P13A-P7TH 1.14637E+17 |1 0.001 0.001 *
P142-P148 1.51321E+17 |1 0.001 0.001 *
P142-P15A 14 0. 0.001 0.001 *
P142-P15D 1.14637E+17 |1 0.001 0.001 *
P142-P15E 1.14637E+17 |1 0.001 0.001 *
P142-P15F 1.80144E+17 |1 0.001 0.001 *
P142-P15G 1.02244E+17 |1 0.001 0.001 *
P142-P15H 2.22531E+17 |1 0.001 0.001 *
P142-P15I 1.14637E+17 |1 0.001 0.001 *
P142-P15J 8.40672E+16 |1 0.001 0.001 *
P142-P16A 1.14637E+17 |1 0.001 0.001 *
P142-P16B 0.22689E+16 |1 0.001 0.001 *
P142-P16C 1.80144E+17 |1 0.002 0.002 *
P142-P16D 1.14637E+17 |1 0.001 0.001 *
P142-P16E 1.80144E+17 |1 0.001 0.001 *
P142-P16F 1.51321E+17 |1 0.001 0.001 *
P142-P16G 1.14637E+17 |1 0.001 0.001 *
P142-P16H 0.22689E+16 |1 0.001 0.001 *
P142-P16K 8.40672E+16 |1 0.001 0.001 *
P142-P1A 1.51321E+17 |1 0.001 0.001 *
P142-P21A 0.22689E+16 |1 0.001 0.001 *
P142-P27B 1.14637E+17 |1 0.001 0.001 *
P142-P27C 2.22531E+17 |1 0.001 0.001 *
P142-P27E 1.30449E+17 |1 0.001 0.001 *
P142-P2A 0.22689E+16 |1 0.001 0.001 *
P142-P2D 2.22531E+17 |1 0.001 0.001 *
P142-P2F 0.22689E+16 |1 0.001 0.001 *
P142-P2G 0.22689E+16 |1 0.001 0.001 *
P142-P34 0.22689E+16 |1 0.001 0.001 *
P142-P37 0.22689E+16 |1 0.001 0.001 *
P142-P3A 2.22531E+17 |1 0.001 0.001 *
P142-P3B 0.22689E+16 |1 0.001 0.001 *
P142-P3D 1.14637E+17 |1 0.001 0.001 *
P142-P3E 1.51321E+17 |1 0.001 0.001 *
P142-P3F 0.22689E+16 |1 0.001 0.001 *
P142-P492 1.14637E+17 |1 0.001 0.001 *
P142-P6A 0.22689E+16 |1 0.003 0.003 *
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P142-P6B 0.22689E+16 |1 0.001 0.001 *
P142-P6C 0.22689E+16 |1 0.001 0.001 *
P142-P7B 2.22531E+17 |1 0.001 0.001 *
P142-P7C 1.51321E+17 |1 0.001 0.001 *
P142-P7D 2.22531E+17 |1 0.003 0.003 *
P142-P7E 2.22531E+17 |1 0.001 0.001 *
P142-P7F 1.51321E+17 |1 0.001 0.001 *
P142-P7G 2.22531E+17 |1 0.001 0.001 *
P142-P7H 2.22531E+17 |1 0.001 0.001 *
P148-P15A 14 0. 0.001 0.001 *
P148-P15D 2.22531E+17 |1 0.001 0.001 *
P148-P15E 1.30449E+17 |1 0.001 0.001 *
P148-P15F 0.22689E+16 |1 0.002 0.002 *
P148-P15G 2.22531E+17 |1 0.001 0.001 *
P148-P15H 1.80144E+17 |1 0.001 0.001 *
P148-P15I 2.22531E+17 |1 0.001 0.001 *
P148-P15J 1.14637E+17 |1 0.001 0.001 *
P148-P16A 1.14637E+17 |1 0.001 0.001 *
P148-P16B 1.14637E+17 |1 0.001 0.001 *
P148-P16C 0.22689E+16 |1 0.001 0.001 *
P148-P16D 0.22689E+16 |1 0.001 0.001 *
P148-P16E 0.22689E+16 |1 0.001 0.001 *
P148-P16F 1.51321E+17 |1 0.001 0.001 *
P148-P16G 2.22531E+17 |1 0.001 0.001 *
P148-P16H 1.14637E+17 |1 0.001 0.001 *
P148-P16K 1.14637E+17 |1 0.002 0.002 *
P148-P1A 1.14637E+17 |1 0.002 0.002 *
P148-P21A 2.22531E+17 |1 0.002 0.002 *
P148-P27B 1.14637E+17 |1 0.001 0.001 *
P148-P27C 8.40672E+16 |1 0.001 0.001 *
P148-P27E 8.40672E+16 |1 0.001 0.001 *
P148-P2A 1.51321E+17 |1 0.001 0.001 *
P148-P2D 8.40672E+16 |1 0.001 0.001 *
P148-P2F 0.22689E+16 |1 0.002 0.002 *
P148-P2G 0.22689E+16 |1 0.001 0.001 *
P148-P34 8.40672E+16 |1 0.001 0.001 *
P148-P37 1.51321E+17 |1 0.001 0.001 *
P148-P3A 1.51321E+17 |1 0.001 0.001 *
P148-P3B 2.22531E+17 |1 0.001 0.001 *
P148-P3D 2.22531E+17 |1 0.003 0.003 *
P148-P3E 2.22531E+17 |1 0.001 0.001 *
P148-P3F 1.14637E+17 |1 0.001 0.001 *
P148-P492 1.14637E+17 |1 0.001 0.001 *
P148-P6A 2.22531E+17 1 0.001 0.001 *
P148-P6B 0.22689E+16 |1 0.001 0.001 *
P148-P6C 0.22689E+16 |1 0.001 0.001 *
P148-P7B 0.22689E+16 |1 0.001 0.001 *
P148-P7C 2.22531E+17 |1 0.001 0.001 *
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P148-P7D 2.22531E+17 |1 0.001 0.001 *
P148-P7E 1.51321E+17 |1 0.001 0.001 *
P148-P7F 1.30449E+17 |1 0.001 0.001 *
P148-P7G 1.14637E+17 |1 0.001 0.001 *
P148-P7H 1.51321E+17 |1 0.001 0.001 *
P15A-P15D 14 0.5 0.001 0.001 *
P15A-P15E 14 0.5 0.001 0.001 *
P15A-P15F 14 0.5 0.001 0.001 *
P15A-P15G 14 0.5 0.001 0.001 *
P15A-P15H 14 0.5 0.001 0.001 *
P15A-P15I 14 0.5 0.003 0.003 *
P15A-P15] 14 0.5 0.002 0.002 *
P15A-P16A 14 0.5 0.001 0.001 *
P15A-P16B 14 0.5 0.001 0.001 *
P15A-P16C 14 0.5 0.001 0.001 *
P15A-P16D 14 0.5 0.001 0.001 *
P15A-P16E 14 0.5 0.001 0.001 *
P15A-P16F 14 0.5 0.001 0.001 *
P15A-P16G 14 0.5 0.001 0.001 *
P15A-P16H 14 0.5 0.002 0.002 *
P15A-P16K 14 0.5 0.001 0.001 *
P15A-P1A 14 0.5 0.001 0.001 *
P15A-P21A 14 0.5 0.001 0.001 *
P15A-P27B 14 0.5 0.002 0.002 *
P15A-P27C 14 0.5 0.001 0.001 *
P15A-P27E 14 0.5 0.001 0.001 *
P15A-P2A 14 0.5 0.001 0.001 *
P15A-P2D 14 0.5 0.002 0.002 *
P15A-P2F 14 0.5 0.001 0.001 *
P15A-P2G 14 0.5 0.001 0.001 *
P15A-P34 14 0.5 0.001 0.001 *
P15A-P37 14 0.5 0.001 0.001 *
P15A-P3A 14 0.5 0.001 0.001 *
P15A-P3B 14 0.5 0.001 0.001 *
P15A-P3D 14 0.5 0.001 0.001 *
P15A-P3E 14 0.5 0.001 0.001 *
P15A-P3F 14 0.5 0.001 0.001 *
P15A-P492 14 0.5 0.002 0.002 *
P15A-P6A 14 0.5 0.001 0.001 *
P15A-P6B 14 0.5 0.001 0.001 *
P15A-P6C 14 0.5 0.001 0.001 *
P15A-P7B 14 0.5 0.001 0.001 *
P15A-P7C 14 0.5 0.001 0.001 *
P15A-P7D 14 0.5 0.001 0.001 *
P15A-P7E 14 0.5 0.001 0.001 *
P15A-P7F 14 0.5 0.001 0.001 *
P15A-P7G 14 0.5 0.001 0.001 *
P15A-P7H 14 0.5 0.001 0.001 *
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P15D-P15E 0.22689E+16 |1 0.001 0.001 *
P15D-P15F 2.22531E+17 |1 0.001 0.001 *
P15D-P15G 2.22531E+17 |1 0.001 0.001 *
P15D-P15H 0.22689E+16 |1 0.001 0.001 *
P15D-P15I 1.51321E+17 |1 0.001 0.001 *
P15D-P15J 1.14637E+17 |1 0.002 0.002 *
P15D-P16A 8.40672E+16 |1 0.002 0.002 *
P15D-P16B 2.22531E+17 |1 0.001 0.001 *
P15D-P16C 1.51321E+17 |1 0.001 0.001 *
P15D-P16D 1.51321E+17 |1 0.001 0.001 *
P15D-P16E 1.51321E+17 |1 0.001 0.001 *
P15D-P16F 1.14637E+17 |1 0.001 0.001 *
P15D-P16G 1.51321E+17 |1 0.001 0.001 *
P15D-P16H 2.22531E+17 |1 0.001 0.001 *
P15D-P16K 2.22531E+17 |1 0.001 0.001 *
P15D-P1A 0.22689E+16 |1 0.001 0.001 *
P15D-P21A 8.40672E+16 |1 0.001 0.001 *
P15D-P27B 2.22531E+17 |1 0.002 0.002 *
P15D-P27C 1.14637E+17 |1 0.001 0.001 *
P15D-P27E 1.14637E+17 |1 0.002 0.002 *
P15D-P2A 1.80144E+17 |1 0.001 0.001 *
P15D-P2D 1.51321E+17 |1 0.001 0.001 *
P15D-P2F 1.14637E+17 |1 0.001 0.001 *
P15D-P2G 2.22531E+17 |1 0.001 0.001 *
P15D-P34 1.14637E+17 |1 0.001 0.001 *
P15D-P37 1.14637E+17 |1 0.001 0.001 *
P15D-P3A 1.14637E+17 |1 0.001 0.001 *
P15D-P3B 2.22531E+17 |1 0.001 0.001 *
P15D-P3D 1.14637E+17 |1 0.001 0.001 *
P15D-P3E 0.22689E+16 |1 0.001 0.001 *
P15D-P3F 0.22689E+16 |1 0.001 0.001 *
P15D-P492 1.51321E+17 |1 0.001 0.001 *
P15D-P6A 0.22689E+16 |1 0.001 0.001 *
P15D-P6B 1.14637E+17 |1 0.001 0.001 *
P15D-P6C 1.51321E+17 |1 0.002 0.002 *
P15D-P7B 1.14637E+17 |1 0.001 0.001 *
P15D-P7C 0.22689E+16 |1 0.001 0.001 *
P15D-P7D 1.14637E+17 |1 0.001 0.001 *
P15D-P7E 1.51321E+17 |1 0.001 0.001 *
P15D-P7F 2.22531E+17 |1 0.001 0.001 *
P15D-P7G 8.40672E+16 |1 0.001 0.001 *
P15D-P7H 1.51321E+17 |1 0.001 0.001 *
P15E-P15F 1.51321E+17 |1 0.002 0.002 *
P15E-P15G 2.22531E+17 1 0.001 0.001 *
P15E-P15H 0.22689E+16 |1 0.001 0.001 *
P15E-P15I 1.51321E+17 |1 0.001 0.001 *
P15E-P15J] 1.51321E+17 |1 0.001 0.001 *
P15E-P16A 1.51321E+17 |1 0.001 0.001 *
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P15E-P16B 8.40672E+16 |1 0.001 0.001 *
P15E-P16C 1.51321E+17 |1 0.001 0.001 *
P15E-P16D 1.14637E+17 |1 0.001 0.001 *
P15E-P16E 1.14637E+17 |1 0.001 0.001 *
P15E-P16F 8.40672E+16 |1 0.001 0.001 *
P15E-P16G 1.14637E+17 |1 0.002 0.002 *
P15E-P16H 1.51321E+17 |1 0.001 0.001 *
P15E-P16K 2.22531E+17 |1 0.002 0.002 *
P15E-P1A 2.22531E+17 |1 0.001 0.001 *
P15E-P21A 0.22689E+16 |1 0.002 0.002 *
P15E-P27B 0.22689E+16 |1 0.001 0.001 *
P15E-P27C 1.30449E+17 |1 0.001 0.001 *
P15E-P27E 0.22689E+16 |1 0.001 0.001 *
P15E-P2A 1.51321E+17 |1 0.001 0.001 *
P15E-P2D 0.22689E+16 |1 0.001 0.001 *
P15E-P2F 1.02244E+17 |1 0.001 0.001 *
P15E-P2G 0.22689E+16 |1 0.001 0.001 *
P15E-P34 0.22689E+16 |1 0.001 0.001 *
P15E-P37 8.40672E+16 |1 0.001 0.001 *
P15E-P3A 8.40672E+16 |1 0.001 0.001 *
P15E-P3B 2.22531E+17 |1 0.001 0.001 *
P15E-P3D 2.22531E+17 |1 0.001 0.001 *
P15E-P3E 0.22689E+16 |1 0.001 0.001 *
P15E-P3F 0.22689E+16 |1 0.001 0.001 *
P15E-P492 1.51321E+17 |1 0.001 0.001 *
P15E-P6A 2.22531E+17 |1 0.001 0.001 *
P15E-P6B 1.14637E+17 |1 0.002 0.002 *
P15E-P6C 0.22689E+16 |1 0.002 0.002 *
P15E-P7B 2.22531E+17 |1 0.002 0.002 *
P15E-P7C 1.80144E+17 |1 0.001 0.001 *
P15E-P7D 1.14637E+17 |1 0.001 0.001 *
P15E-P7E 0.22689E+16 |1 0.001 0.001 *
P15E-P7F 1.14637E+17 |1 0.001 0.001 *
P15E-P7G 1.51321E+17 |1 0.001 0.001 *
P15E-P7H 1.14637E+17 |1 0.001 0.001 *
P15F-P15G 8.40672E+16 |1 0.001 0.001 *
P15F-P15H 0.22689E+16 |1 0.001 0.001 *
P15F-P15I 1.14637E+17 |1 0.001 0.001 *
P15F-P15J 1.80144E+17 |1 0.001 0.001 *
P15F-P16A 0.22689E+16 |1 0.001 0.001 *
P15F-P16B 0.22689E+16 |1 0.001 0.001 *
P15F-P16C 2.22531E+17 |1 0.001 0.001 *
P15F-P16D 8.40672E+16 |1 0.002 0.002 *
P15F-P16E 8.40672E+16 |1 0.001 0.001 *
P15F-P16F 0.22689E+16 |1 0.001 0.001 *
P15F-P16G 2.22531E+17 |1 0.001 0.001 *
P15F-P16H 1.14637E+17 |1 0.001 0.001 *
P15F-P16K 1.14637E+17 |1 0.001 0.001 *
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P15F-P1A 1.51321E+17 |1 0.001 0.001 *
P15F-P21A 1.30449E+17 |1 0.001 0.001 *
P15F-P27B 1.51321E+17 |1 0.001 0.001 *
P15F-P27C 0.22689E+16 |1 0.001 0.001 *
P15F-P27E 1.14637E+17 |1 0.001 0.001 *
P15F-P2A 1.51321E+17 |1 0.001 0.001 *
P15F-P2D 1.51321E+17 |1 0.003 0.003 *
P15F-P2F 1.14637E+17 |1 0.001 0.001 *
P15F-P2G 1.30449E+17 |1 0.001 0.001 *
P15F-P34 1.30449E+17 |1 0.001 0.001 *
P15F-P37 1.51321E+17 |1 0.001 0.001 *
P15F-P3A 1.14637E+17 |1 0.001 0.001 *
P15F-P3B 2.22531E+17 |1 0.001 0.001 *
P15F-P3D 0.22689E+16 |1 0.001 0.001 *
P15F-P3E 1.14637E+17 |1 0.001 0.001 *
P15F-P3F 1.14637E+17 |1 0.001 0.001 *
P15F-P492 1.51321E+17 |1 0.001 0.001 *
P15F-P6A 1.51321E+17 |1 0.002 0.002 *
P15F-P6B 1.14637E+17 |1 0.001 0.001 *
P15F-P6C 0.22689E+16 |1 0.001 0.001 *
P15F-P7B 2.22531E+17 |1 0.001 0.001 *
P15F-P7C 1.51321E+17 |1 0.001 0.001 *
P15F-P7D 0.22689E+16 |1 0.001 0.001 *
P15F-P7E 0.22689E+16 |1 0.001 0.001 *
P15F-P7F 1.14637E+17 |1 0.001 0.001 *
P15F-P7G 0.22689E+16 |1 0.001 0.001 *
P15F-P7H 0.22689E+16 |1 0.001 0.001 *
P15G-P15H 1.51321E+17 |1 0.001 0.001 *
P15G-P15I 0.22689E+16 |1 0.001 0.001 *
P15G-P15J 1.14637E+17 |1 0.001 0.001 *
P15G-P16A 0.22689E+16 |1 0.001 0.001 *
P15G-P16B 1.51321E+17 |1 0.002 0.002 *
P15G-P16C 1.14637E+17 |1 0.001 0.001 *
P15G-P16D 1.30449E+17 |1 0.001 0.001 *
P15G-P16E 0.22689E+16 |1 0.001 0.001 *
P15G-P16F 2.22531E+17 |1 0.001 0.001 *
P15G-P16G 0.22689E+16 |1 0.002 0.002 *
P15G-P16H 1.51321E+17 |1 0.001 0.001 *
P15G-P16K 1.51321E+17 |1 0.001 0.001 *
P15G-P1A 2.22531E+17 |1 0.001 0.001 *
P15G-P21A 8.40672E+16 |1 0.001 0.001 *
P15G-P27B 1.14637E+17 |1 0.001 0.001 *
P15G-P27C 0.22689E+16 |1 0.001 0.001 *
P15G-P27E 1.14637E+17 |1 0.001 0.001 *
P15G-P2A 1.51321E+17 |1 0.002 0.002 *
P15G-P2D 0.22689E+16 |1 0.001 0.001 *
P15G-P2F 1.80144E+17 |1 0.002 0.002 *
P15G-P2G 1.51321E+17 |1 0.001 0.001 *
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P15G-P34 8.40672E+16 |1 0.003 0.003 *
P15G-P37 1.30449E+17 |1 0.001 0.001 *
P15G-P3A 1.51321E+17 |1 0.001 0.001 *
P15G-P3B 2.22531E+17 |1 0.001 0.001 *
P15G-P3D 1.14637E+17 |1 0.001 0.001 *
P15G-P3E 2.22531E+17 |1 0.001 0.001 *
P15G-P3F 1.80144E+17 |1 0.001 0.001 *
P15G-P492 1.80144E+17 |1 0.001 0.001 *
P15G-P6A 1.14637E+17 |1 0.001 0.001 *
P15G-P6B 2.22531E+17 |1 0.001 0.001 *
P15G-P6C 1.14637E+17 |1 0.001 0.001 *
P15G-P7B 1.51321E+17 |1 0.001 0.001 *
P15G-P7C 2.22531E+17 |1 0.001 0.001 *
P15G-P7D 1.30449E+17 |1 0.002 0.002 *
P15G-P7E 8.40672E+16 |1 0.001 0.001 *
P15G-P7F 1.14637E+17 |1 0.001 0.001 *
P15G-P7G 0.22689E+16 |1 0.001 0.001 *
P15G-P7H 0.22689E+16 |1 0.001 0.001 *
P15H-P15I 1.80144E+17 |1 0.001 0.001 *
P15H-P15] 1.14637E+17 |1 0.001 0.001 *
P15H-P16A 8.40672E+16 |1 0.001 0.001 *
P15H-P16B 0.22689E+16 |1 0.001 0.001 *
P15H-P16C 1.51321E+17 |1 0.003 0.003 *
P15H-P16D 2.22531E+17 |1 0.002 0.002 *
P15H-P16E 2.22531E+17 |1 0.001 0.001 *
P15H-P16F 1.51321E+17 |1 0.001 0.001 *
P15H-P16G 8.40672E+16 |1 0.001 0.001 *
P15H-P16H 0.22689E+16 |1 0.001 0.001 *
P15H-P16K 0.22689E+16 |1 0.002 0.002 *
P15H-P1A 1.80144E+17 |1 0.001 0.001 *
P15H-P21A 1.80144E+17 |1 0.001 0.001 *
P15H-P27B 1.51321E+17 |1 0.002 0.002 *
P15H-P27C 1.51321E+17 |1 0.002 0.002 *
P15H-P27E 1.51321E+17 |1 0.001 0.001 *
P15H-P2A 2.22531E+17 |1 0.001 0.001 *
P15H-P2D 8.40672E+16 |1 0.001 0.001 *
P15H-P2F 1.02244E+17 |1 0.001 0.001 *
P15H-P2G 2.22531E+17 |1 0.001 0.001 *
P15H-P34 1.14637E+17 |1 0.001 0.001 *
P15H-P37 1.51321E+17 |1 0.001 0.001 *
P15H-P3A 1.14637E+17 |1 0.002 0.002 *
P15H-P3B 2.91002E+17 |1 0.001 0.001 *
P15H-P3D 2.22531E+17 1 0.001 0.001 *
P15H-P3E 0.22689E+16 |1 0.001 0.001 *
P15H-P3F 8.40672E+16 |1 0.001 0.001 *
P15H-P492 2.22531E+17 |1 0.001 0.001 *
P15H-P6A 1.14637E+17 |1 0.001 0.001 *
P15H-P6B 1.51321E+17 |1 0.001 0.001 *
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P15H-P6C 2.22531E+17 |1 0.001 0.001 *
P15H-P7B 1.14637E+17 |1 0.001 0.001 *
P15H-P7C 1.51321E+17 |1 0.001 0.001 *
P15H-P7D 1.51321E+17 |1 0.001 0.001 *
P15H-P7E 8.40672E+16 |1 0.002 0.002 *
P15H-P7F 1.14637E+17 |1 0.001 0.001 *
P15H-P7G 0.22689E+16 |1 0.001 0.001 *
P15H-P7H 1.51321E+17 |1 0.001 0.001 *
P151-P15J 8.40672E+16 |1 0.001 0.001 *
P151-P16A 0.22689E+16 |1 0.001 0.001 *
P151-P16B 1.51321E+17 |1 0.002 0.002 *
P151-P16C 1.51321E+17 |1 0.001 0.001 *
P151-P16D 1.51321E+17 |1 0.001 0.001 *
P151-P16E 1.51321E+17 |1 0.001 0.001 *
P151-P16F 0.22689E+16 |1 0.001 0.001 *
P151-P16G 1.14637E+17 |1 0.001 0.001 *
P151-P16H 2.22531E+17 |1 0.001 0.001 *
P151-P16K 1.14637E+17 |1 0.001 0.001 *
P151-P1A 1.51321E+17 |1 0.001 0.001 *
P151-P21A 0.22689E+16 |1 0.002 0.002 *
P151-P27B 8.40672E+16 |1 0.001 0.001 *
P151-P27C 1.51321E+17 |1 0.001 0.001 *
P151-P27E 0.22689E+16 |1 0.001 0.001 *
P151-P2A 1.51321E+17 |1 0.001 0.001 *
P151-P2D 1.14637E+17 |1 0.001 0.001 *
P151-P2F 1.51321E+17 |1 0.001 0.001 *
P151-P2G 0.22689E+16 |1 0.001 0.001 *
P151-P34 1.14637E+17 |1 0.002 0.002 *
P151-P37 2.22531E+17 |1 0.001 0.001 *
P151-P3A 1.51321E+17 |1 0.001 0.001 *
P151-P3B 1.14637E+17 |1 0.001 0.001 *
P151-P3D 1.14637E+17 |1 0.001 0.001 *
P151-P3E 1.80144E+17 |1 0.001 0.001 *
P151-P3F 0.22689E+16 |1 0.001 0.001 *
P151-P492 0.22689E+16 |1 0.001 0.001 *
P151-P6A 1.51321E+17 |1 0.001 0.001 *
P151-P6B 2.22531E+17 |1 0.001 0.001 *
P151-P6C 8.40672E+16 |1 0.002 0.002 *
P151-P7B 0.22689E+16 |1 0.002 0.002 *
P151-P7C 1.51321E+17 |1 0.001 0.001 *
P151-P7D 1.51321E+17 |1 0.001 0.001 *
P151-P7E 0.22689E+16 |1 0.001 0.001 *
P151-P7F 2.22531E+17 1 0.001 0.001 *
P151-P7G 1.14637E+17 |1 0.001 0.001 *
P151-P7H 0.22689E+16 |1 0.001 0.001 *
P15J-P16A 1.30449E+17 |1 0.001 0.001 *
P15J-P16B 0.22689E+16 |1 0.001 0.001 *
P15J-P16C 2.22531E+17 |1 0.001 0.001 *
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P15J-P16D 1.51321E+17 |1 0.001 0.001 *
P15J-P16E 2.22531E+17 |1 0.001 0.001 *
P15J-P16F 2.22531E+17 |1 0.001 0.001 *
P15J-P16G 8.40672E+16 |1 0.001 0.001 *
P15J-P16H 1.80144E+17 |1 0.001 0.001 *
P15J-P16K 1.14637E+17 |1 0.001 0.001 *
P15J-P1A 1.14637E+17 |1 0.001 0.001 *
P15J-P21A 1.51321E+17 |1 0.001 0.001 *
P15J-P27B 1.51321E+17 |1 0.001 0.001 *
P15J-P27C 0.22689E+16 |1 0.001 0.001 *
P15J-P27E 1.14637E+17 |1 0.001 0.001 *
P15J-P2A 1.51321E+17 |1 0.001 0.001 *
P15J-P2D 0.22689E+16 |1 0.001 0.001 *
P15J-P2F 1.80144E+17 |1 0.001 0.001 *
P15J-P2G 0.22689E+16 |1 0.002 0.002 *
P15J-P34 0.22689E+16 |1 0.001 0.001 *
P15J-P37 2.22531E+17 |1 0.001 0.001 *
P15J-P3A 1.14637E+17 |1 0.001 0.001 *
P15J-P3B 1.51321E+17 |1 0.001 0.001 *
P15J-P3D 1.14637E+17 |1 0.001 0.001 *
P15J-P3E 0.22689E+16 |1 0.001 0.001 *
P15J-P3F 1.51321E+17 |1 0.001 0.001 *
P15J-P492 2.91002E+17 |1 0.001 0.001 *
P15J-P6A 0.22689E+16 |1 0.001 0.001 *
P15J-P6B 1.51321E+17 |1 0.003 0.003 *
P15J-P6C 0.22689E+16 |1 0.001 0.001 *
P15J-P7B 8.40672E+16 |1 0.002 0.002 *
P15J-P7C 1.14637E+17 |1 0.001 0.001 *
P15J-P7D 1.80144E+17 |1 0.001 0.001 *
P15J-P7E 1.51321E+17 |1 0.002 0.002 *
P15J-P7F 1.51321E+17 |1 0.001 0.001 *
P15J-P7G 1.30449E+17 |1 0.001 0.001 *
P15J-P7H 8.40672E+16 |1 0.001 0.001 *
P16A-P16B 1.14637E+17 |1 0.001 0.001 *
P16A-P16C 1.51321E+17 |1 0.001 0.001 *
P16A-P16D 1.02244E+17 |1 0.001 0.001 *
P16A-P16E 0.22689E+16 |1 0.001 0.001 *
P16A-P16F 0.22689E+16 |1 0.001 0.001 *
P16A-P16G 1.14637E+17 |1 0.001 0.001 *
P16A-P16H 1.02244E+17 |1 0.001 0.001 *
P16A-P16K 1.80144E+17 |1 0.001 0.001 *
P16A-P1A 1.80144E+17 |1 0.001 0.001 *
P16A-P21A 1.14637E+17 |1 0.001 0.001 *
P16A-P27B 0.22689E+16 |1 0.001 0.001 *
P16A-P27C 1.51321E+17 |1 0.001 0.001 *
P16A-P27E 1.51321E+17 |1 0.001 0.001 *
P16A-P2A 1.14637E+17 |1 0.001 0.001 *
P16A-P2D 1.51321E+17 |1 0.001 0.001 *
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P16A-P2F 0.22689E+16 |1 0.001 0.001 *
P16A-P2G 2.22531E+17 |1 0.001 0.001 *
P16A-P34 2.22531E+17 |1 0.001 0.001 *
P16A-P37 0.22689E+16 |1 0.001 0.001 *
P16A-P3A 8.40672E+16 |1 0.003 0.003 *
P16A-P3B 1.30449E+17 |1 0.001 0.001 *
P16A-P3D 1.51321E+17 |1 0.001 0.001 *
P16A-P3E 2.22531E+17 |1 0.001 0.001 *
P16A-P3F 2.22531E+17 |1 0.001 0.001 *
P16A-P492 1.14637E+17 |1 0.001 0.001 *
P16A-P6A 1.14637E+17 |1 0.002 0.002 *
P16A-P6B 2.22531E+17 |1 0.001 0.001 *
P16A-P6C 1.80144E+17 |1 0.001 0.001 *
P16A-P7B 1.51321E+17 |1 0.001 0.001 *
P16A-P7C 0.22689E+16 |1 0.001 0.001 *
P16A-P7D 1.51321E+17 |1 0.001 0.001 *
P16A-P7E 2.22531E+17 |1 0.001 0.001 *
P16A-P7F 1.51321E+17 |1 0.001 0.001 *
P16A-P7G 1.14637E+17 |1 0.001 0.001 *
P16A-P7H 1.30449E+17 |1 0.001 0.001 *
P16B-P16C 1.14637E+17 |1 0.001 0.001 *
P16B-P16D 8.40672E+16 |1 0.001 0.001 *
P16B-P16E 8.40672E+16 |1 0.001 0.001 *
P16B-P16F 1.51321E+17 |1 0.001 0.001 *
P16B-P16G 1.51321E+17 |1 0.002 0.002 *
P16B-P16H 0.22689E+16 |1 0.001 0.001 *
P16B-P16K 1.14637E+17 |1 0.001 0.001 *
P16B-P1A 0.22689E+16 |1 0.002 0.002 *
P16B-P21A 0.22689E+16 |1 0.001 0.001 *
P16B-P27B 1.51321E+17 |1 0.001 0.001 *
P16B-P27C 2.22531E+17 |1 0.001 0.001 *
P16B-P27E 0.22689E+16 |1 0.001 0.001 *
P16B-P2A 1.51321E+17 |1 0.001 0.001 *
P16B-P2D 0.22689E+16 |1 0.001 0.001 *
P16B-P2F 1.14637E+17 |1 0.001 0.001 *
P16B-P2G 1.80144E+17 |1 0.002 0.002 *
P16B-P34 1.14637E+17 |1 0.001 0.001 *
P16B-P37 2.22531E+17 |1 0.002 0.002 *
P16B-P3A 1.51321E+17 |1 0.001 0.001 *
P16B-P3B 8.40672E+16 |1 0.001 0.001 *
P16B-P3D 2.22531E+17 |1 0.002 0.002 *
P16B-P3E 8.40672E+16 |1 0.001 0.001 *
P16B-P3F 1.51321E+17 |1 0.001 0.001 *
P16B-P492 0.22689E+16 |1 0.001 0.001 *
P16B-P6A 0.22689E+16 |1 0.002 0.002 *
P16B-P6B 0.22689E+16 |1 0.001 0.001 *
P16B-P6C 1.80144E+17 |1 0.001 0.001 *
P16B-P7B 0.22689E+16 |1 0.002 0.002 *
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P16B-P7C 1.51321E+17 |1 0.001 0.001 *
P16B-P7D 1.02244E+17 |1 0.001 0.001 *
P16B-P7E 1.51321E+17 |1 0.001 0.001 *
P16B-P7F 1.80144E+17 |1 0.001 0.001 *
P16B-P7G 0.22689E+16 |1 0.001 0.001 *
P16B-P7H 1.14637E+17 |1 0.002 0.002 *
P16C-P16D 2.22531E+17 |1 0.001 0.001 *
P16C-P16E 1.80144E+17 |1 0.001 0.001 *
P16C-P16F 1.14637E+17 |1 0.001 0.001 *
P16C-P16G 1.14637E+17 |1 0.001 0.001 *
P16C-P16H 0.22689E+16 |1 0.001 0.001 *
P16C-P16K 1.51321E+17 |1 0.002 0.002 *
P16C-P1A 1.80144E+17 |1 0.001 0.001 *
P16C-P21A 1.14637E+17 |1 0.001 0.001 *
P16C-P27B 2.91002E+17 |1 0.001 0.001 *
P16C-P27C 1.51321E+17 |1 0.001 0.001 *
P16C-P27E 1.14637E+17 |1 0.001 0.001 *
P16C-P2A 1.30449E+17 |1 0.001 0.001 *
P16C-P2D 1.80144E+17 |1 0.001 0.001 *
P16C-P2F 1.51321E+17 |1 0.001 0.001 *
P16C-P2G 1.02244E+17 |1 0.001 0.001 *
P16C-P34 1.51321E+17 |1 0.001 0.001 *
P16C-P37 1.51321E+17 |1 0.001 0.001 *
P16C-P3A 2.22531E+17 |1 0.001 0.001 *
P16C-P3B 1.14637E+17 |1 0.001 0.001 *
P16C-P3D 1.51321E+17 |1 0.001 0.001 *
P16C-P3E 1.80144E+17 |1 0.001 0.001 *
P16C-P3F 0.22689E+16 |1 0.001 0.001 *
P16C-P492 0.22689E+16 |1 0.002 0.002 *
P16C-P6A 1.80144E+17 |1 0.001 0.001 *
P16C-P6B 1.51321E+17 |1 0.001 0.001 *
P16C-P6C 2.22531E+17 |1 0.001 0.001 *
P16C-P7B 0.22689E+16 |1 0.001 0.001 *
P16C-P7C 0.22689E+16 |1 0.001 0.001 *
P16C-P7D 1.14637E+17 |1 0.001 0.001 *
P16C-P7E 1.80144E+17 |1 0.001 0.001 *
P16C-P7F 1.30449E+17 |1 0.002 0.002 *
P16C-P7G 0.22689E+16 |1 0.001 0.001 *
P16C-P7H 1.14637E+17 |1 0.002 0.002 *
P16D-P16E 1.51321E+17 |1 0.001 0.001 *
P16D-P16F 0.22689E+16 |1 0.001 0.001 *
P16D-P16G 2.22531E+17 |1 0.001 0.001 *
P16D-P16H 1.51321E+17 |1 0.001 0.001 *
P16D-P16K 1.14637E+17 |1 0.001 0.001 *
P16D-P1A 1.14637E+17 |1 0.001 0.001 *
P16D-P21A 0.22689E+16 |1 0.001 0.001 *
P16D-P27B 2.22531E+17 |1 0.001 0.001 *
P16D-P27C 2.22531E+17 |1 0.001 0.001 *
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P16D-P27E 0.22689E+16 |1 0.001 0.001 *
P16D-P2A 8.40672E+16 |1 0.001 0.001 *
P16D-P2D 0.22689E+16 |1 0.001 0.001 *
P16D-P2F 0.22689E+16 |1 0.001 0.001 *
P16D-P2G 0.22689E+16 |1 0.001 0.001 *
P16D-P34 8.40672E+16 |1 0.001 0.001 *
P16D-P37 1.51321E+17 |1 0.001 0.001 *
P16D-P3A 8.40672E+16 |1 0.001 0.001 *
P16D-P3B 0.22689E+16 |1 0.001 0.001 *
P16D-P3D 0.22689E+16 |1 0.001 0.001 *
P16D-P3E 2.22531E+17 |1 0.001 0.001 *
P16D-P3F 1.51321E+17 |1 0.001 0.001 *
P16D-P492 1.80144E+17 |1 0.001 0.001 *
P16D-P6A 1.51321E+17 |1 0.001 0.001 *
P16D-P6B 2.22531E+17 |1 0.001 0.001 *
P16D-P6C 1.80144E+17 |1 0.001 0.001 *
P16D-P7B 1.14637E+17 |1 0.001 0.001 *
P16D-P7C 0.22689E+16 |1 0.001 0.001 *
P16D-P7D 0.22689E+16 |1 0.001 0.001 *
P16D-P7E 0.22689E+16 |1 0.001 0.001 *
P16D-P7F 8.40672E+16 |1 0.001 0.001 *
P16D-P7G 2.22531E+17 |1 0.001 0.001 *
P16D-P7H 1.14637E+17 |1 0.002 0.002 *
P16E-P16F 1.51321E+17 |1 0.001 0.001 *
P16E-P16G 2.22531E+17 |1 0.001 0.001 *
P16E-P16H 0.22689E+16 |1 0.001 0.001 *
P16E-P16K 1.14637E+17 |1 0.001 0.001 *
P16E-P1A 2.22531E+17 |1 0.002 0.002 *
P16E-P21A 1.80144E+17 |1 0.001 0.001 *
P16E-P27B 1.14637E+17 |1 0.001 0.001 *
P16E-P27C 2.22531E+17 |1 0.001 0.001 *
P16E-P27E 1.14637E+17 |1 0.001 0.001 *
P16E-P2A 1.51321E+17 |1 0.001 0.001 *
P16E-P2D 0.22689E+16 |1 0.001 0.001 *
P16E-P2F 2.22531E+17 |1 0.001 0.001 *
P16E-P2G 0.22689E+16 |1 0.002 0.002 *
P16E-P34 2.22531E+17 |1 0.001 0.001 *
P16E-P37 0.22689E+16 |1 0.001 0.001 *
P16E-P3A 0.22689E+16 |1 0.001 0.001 *
P16E-P3B 8.40672E+16 |1 0.001 0.001 *
P16E-P3D 2.22531E+17 |1 0.001 0.001 *
P16E-P3E 1.51321E+17 |1 0.001 0.001 *
P16E-P3F 1.14637E+17 |1 0.001 0.001 *
P16E-P492 1.51321E+17 |1 0.001 0.001 *
P16E-P6GA 2.22531E+17 |1 0.001 0.001 *
P16E-P6B 0.22689E+16 |1 0.001 0.001 *
P16E-P6C 1.51321E+17 |1 0.002 0.002 *
P16E-P7B 1.14637E+17 |1 0.001 0.001 *
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P16E-P7C 1.02244E+17 |1 0.001 0.001 *
P16E-P7D 1.14637E+17 |1 0.001 0.001 *
P16E-P7E 1.80144E+17 |1 0.001 0.001 *
P16E-P7F 0.22689E+16 |1 0.001 0.001 *
P16E-P7G 1.51321E+17 |1 0.001 0.001 *
P16E-P7H 0.22689E+16 |1 0.001 0.001 *
P16F-P16G 1.51321E+17 |1 0.001 0.001 *
P16F-P16H 1.14637E+17 |1 0.001 0.001 *
P16F-P16K 2.22531E+17 |1 0.002 0.002 *
P16F-P1A 0.22689E+16 |1 0.001 0.001 *
P16F-P21A 0.22689E+16 |1 0.001 0.001 *
P16F-P27B 0.22689E+16 |1 0.001 0.001 *
P16F-P27C 8.40672E+16 |1 0.002 0.002 *
P16F-P27E 0.22689E+16 |1 0.001 0.001 *
P16F-P2A 1.51321E+17 |1 0.001 0.001 *
P16F-P2D 1.51321E+17 |1 0.001 0.001 *
P16F-P2F 2.22531E+17 |1 0.001 0.001 *
P16F-P2G 0.22689E+16 |1 0.002 0.002 *
P16F-P34 1.14637E+17 |1 0.001 0.001 *
P16F-P37 1.51321E+17 |1 0.003 0.003 *
P16F-P3A 0.22689E+16 |1 0.001 0.001 *
P16F-P3B 1.14637E+17 |1 0.001 0.001 *
P16F-P3D 0.22689E+16 |1 0.001 0.001 *
P16F-P3E 1.14637E+17 |1 0.001 0.001 *
P16F-P3F 8.40672E+16 |1 0.001 0.001 *
P16F-P492 1.02244E+17 |1 0.001 0.001 *
P16F-P6A 0.22689E+16 |1 0.001 0.001 *
P16F-P6B 1.51321E+17 |1 0.001 0.001 *
P16F-P6C 1.80144E+17 |1 0.001 0.001 *
P16F-P7B 1.51321E+17 |1 0.001 0.001 *
P16F-P7C 1.51321E+17 |1 0.001 0.001 *
P16F-P7D 0.22689E+16 |1 0.001 0.001 *
P16F-P7E 1.14637E+17 |1 0.001 0.001 *
P16F-P7F 0.22689E+16 |1 0.002 0.002 *
P16F-P7G 2.22531E+17 |1 0.001 0.001 *
P16F-P7H 1.51321E+17 |1 0.001 0.001 *
P16G-P16H 0.22689E+16 |1 0.002 0.002 *
P16G-P16K 1.51321E+17 |1 0.002 0.002 *
P16G-P1A 0.22689E+16 |1 0.001 0.001 *
P16G-P21A 0.22689E+16 |1 0.001 0.001 *
P16G-P27B 1.51321E+17 |1 0.001 0.001 *
P16G-P27C 2.22531E+17 |1 0.001 0.001 *
P16G-P27E 1.51321E+17 |1 0.001 0.001 *
P16G-P2A 1.51321E+17 |1 0.002 0.002 *
P16G-P2D 1.30449E+17 |1 0.001 0.001 *
P16G-P2F 0.22689E+16 |1 0.002 0.002 *
P16G-P2G 0.22689E+16 |1 0.001 0.001 *
P16G-P34 0.22689E+16 |1 0.001 0.001 *
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P16G-P37 2.22531E+17 |1 0.001 0.001 *
P16G-P3A 1.51321E+17 |1 0.001 0.001 *
P16G-P3B 1.51321E+17 |1 0.001 0.001 *
P16G-P3D 8.40672E+16 |1 0.001 0.001 *
P16G-P3E 0.22689E+16 |1 0.002 0.002 *
P16G-P3F 0.22689E+16 |1 0.001 0.001 *
P16G-P492 2.22531E+17 |1 0.001 0.001 *
P16G-P6A 1.80144E+17 |1 0.002 0.002 *
P16G-P6B 1.51321E+17 |1 0.001 0.001 *
P16G-P6C 0.22689E+16 |1 0.002 0.002 *
P16G-P7B 0.22689E+16 |1 0.001 0.001 *
P16G-P7C 8.40672E+16 |1 0.002 0.002 *
P16G-P7D 2.22531E+17 |1 0.002 0.002 *
P16G-P7E 1.51321E+17 |1 0.001 0.001 *
P16G-P7F 2.22531E+17 |1 0.003 0.003 *
P16G-P7G 2.22531E+17 |1 0.001 0.001 *
P16G-P7H 2.22531E+17 |1 0.001 0.001 *
P16H-P16K 1.80144E+17 |1 0.001 0.001 *
P16H-P1A 1.14637E+17 |1 0.001 0.001 *
P16H-P21A 1.14637E+17 |1 0.001 0.001 *
P16H-P27B 1.14637E+17 |1 0.001 0.001 *
P16H-P27C 0.22689E+16 |1 0.002 0.002 *
P16H-P27E 8.40672E+16 |1 0.002 0.002 *
P16H-P2A 1.80144E+17 |1 0.001 0.001 *
P16H-P2D 1.14637E+17 |1 0.002 0.002 *
P16H-P2F 1.51321E+17 |1 0.001 0.001 *
P16H-P2G 1.51321E+17 |1 0.001 0.001 *
P16H-P34 1.51321E+17 |1 0.002 0.002 *
P16H-P37 1.14637E+17 |1 0.001 0.001 *
P16H-P3A 1.14637E+17 |1 0.001 0.001 *
P16H-P3B 2.22531E+17 |1 0.001 0.001 *
P16H-P3D 2.22531E+17 |1 0.001 0.001 *
P16H-P3E 1.14637E+17 |1 0.001 0.001 *
P16H-P3F 1.51321E+17 |1 0.001 0.001 *
P16H-P492 1.14637E+17 |1 0.001 0.001 *
P16H-P6A 1.14637E+17 |1 0.001 0.001 *
P16H-P6B 1.30449E+17 |1 0.001 0.001 *
P16H-P6C 1.51321E+17 |1 0.001 0.001 *
P16H-P7B 2.22531E+17 |1 0.001 0.001 *
P16H-P7C 1.51321E+17 |1 0.001 0.001 *
P16H-P7D 8.40672E+16 |1 0.001 0.001 *
P16H-P7E 2.22531E+17 |1 0.002 0.002 *
P16H-P7F 1.51321E+17 |1 0.001 0.001 *
P16H-P7G 0.22689E+16 |1 0.001 0.001 *
P16H-P7H 2.22531E+17 |1 0.001 0.001 *
P16K-P1A 1.51321E+17 |1 0.001 0.001 *
P16K-P21A 1.51321E+17 |1 0.001 0.001 *
P16K-P27B 1.14637E+17 |1 0.001 0.001 *
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P16K-P27C 1.14637E+17 |1 0.001 0.001 *
P16K-P27E 0.22689E+16 |1 0.001 0.001 *
P16K-P2A 1.14637E+17 |1 0.001 0.001 *
P16K-P2D 1.14637E+17 |1 0.001 0.001 *
P16K-P2F 0.22689E+16 |1 0.001 0.001 *
P16K-P2G 1.51321E+17 |1 0.001 0.001 *
P16K-P34 1.14637E+17 |1 0.001 0.001 *
P16K-P37 0.22689E+16 |1 0.001 0.001 *
P16K-P3A 1.30449E+17 |1 0.001 0.001 *
P16K-P3B 8.40672E+16 |1 0.001 0.001 *
P16K-P3D 1.51321E+17 |1 0.001 0.001 *
P16K-P3E 1.14637E+17 |1 0.002 0.002 *
P16K-P3F 0.22689E+16 |1 0.001 0.001 *
P16K-P492 2.91002E+17 [1 0.001 0.001 *
P16K-P6A 1.51321E+17 |1 0.002 0.002 *
P16K-P6B 0.22689E+16 |1 0.001 0.001 *
P16K-P6C 1.51321E+17 |1 0.001 0.001 *
P16K-P7B 1.30449E+17 |1 0.001 0.001 *
P16K-P7C 1.14637E+17 |1 0.001 0.001 *
P16K-P7D 8.40672E+16 |1 0.001 0.001 *
P16K-P7E 2.22531E+17 |1 0.001 0.001 *
P16K-P7F 0.22689E+16 |1 0.001 0.001 *
P16K-P7G 1.51321E+17 |1 0.001 0.001 *
P16K-P7H 2.22531E+17 |1 0.001 0.001 *
P1A-P21A 2.22531E+17 |1 0.001 0.001 *
P1A-P27B 1.02244E+17 |1 0.001 0.001 *
P1A-P27C 2.22531E+17 |1 0.002 0.002 *
P1A-P27E 1.02244E+17 |1 0.001 0.001 *
P1A-P2A 8.40672E+16 |1 0.001 0.001 *
P1A-P2D 1.14637E+17 |1 0.001 0.001 *
P1A-P2F 0.22689E+16 |1 0.001 0.001 *
P1A-P2G 0.22689E+16 |1 0.001 0.001 *
P1A-P34 2.22531E+17 |1 0.001 0.001 *
P1A-P37 1.30449E+17 |1 0.001 0.001 *
P1A-P3A 1.14637E+17 |1 0.001 0.001 *
P1A-P3B 8.40672E+16 |1 0.001 0.001 *
P1A-P3D 1.51321E+17 |1 0.002 0.002 *
P1A-P3E 2.22531E+17 |1 0.001 0.001 *
P1A-P3F 2.22531E+17 |1 0.002 0.002 *
P1A-P492 1.51321E+17 |1 0.001 0.001 *
P1A-P6A 1.51321E+17 |1 0.002 0.002 *
P1A-P6B 2.22531E+17 |1 0.001 0.001 *
P1A-P6C 0.22689E+16 |1 0.001 0.001 *
P1A-P7B 1.14637E+17 |1 0.001 0.001 *
P1A-P7C 0.22689E+16 |1 0.001 0.001 *
P1A-P7D 0.22689E+16 |1 0.001 0.001 *
P1A-P7E 1.14637E+17 |1 0.001 0.001 *
P1A-P7F 8.40672E+16 |1 0.001 0.001 *
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P1A-P7G 0.22689E+16 |1 0.001 0.001 *
P1A-P7H 0.22689E+16 |1 0.001 0.001 *
P21A-P27B 1.51321E+17 |1 0.002 0.002 *
P21A-P27C 1.51321E+17 |1 0.002 0.002 *
P21A-P27E 8.40672E+16 |1 0.001 0.001 *
P21A-P2A 1.80144E+17 |1 0.001 0.001 *
P21A-P2D 1.80144E+17 |1 0.001 0.001 *
P21A-P2F 1.14637E+17 |1 0.001 0.001 *
P21A-P2G 1.14637E+17 |1 0.001 0.001 *
P21A-P34 1.51321E+17 |1 0.001 0.001 *
P21A-P37 1.30449E+17 |1 0.001 0.001 *
P21A-P3A 1.51321E+17 |1 0.001 0.001 *
P21A-P3B 0.22689E+16 |1 0.002 0.002 *
P21A-P3D 1.51321E+17 |1 0.001 0.001 *
P21A-P3E 0.22689E+16 |1 0.002 0.002 *
P21A-P3F 0.22689E+16 |1 0.001 0.001 *
P21A-P492 1.51321E+17 |1 0.001 0.001 *
P21A-P6A 1.14637E+17 |1 0.001 0.001 *
P21A-P6B 0.22689E+16 |1 0.001 0.001 *
P21A-P6C 1.51321E+17 |1 0.002 0.002 *
P21A-P7B 0.22689E+16 |1 0.001 0.001 *
P21A-P7C 1.14637E+17 |1 0.001 0.001 *
P21A-P7D 2.22531E+17 |1 0.001 0.001 *
P21A-P7E 1.14637E+17 |1 0.001 0.001 *
P21A-PT7F 1.51321E+17 |1 0.001 0.001 *
P21A-P7G 1.80144E+17 |1 0.001 0.001 *
P21A-P7TH 1.14637E+17 |1 0.001 0.001 *
P27B-P27C 0.22689E+16 |1 0.001 0.001 *
P27B-P27E 1.14637E+17 |1 0.001 0.001 *
P27B-P2A 1.51321E+17 |1 0.001 0.001 *
P27B-P2D 2.22531E+17 |1 0.001 0.001 *
P27B-P2F 0.22689E+16 |1 0.002 0.002 *
P27B-P2G 1.14637E+17 |1 0.001 0.001 *
P27B-P34 0.22689E+16 |1 0.001 0.001 *
P27B-P37 8.40672E+16 |1 0.001 0.001 *
P27B-P3A 1.14637E+17 |1 0.001 0.001 *
P27B-P3B 1.51321E+17 |1 0.001 0.001 *
P27B-P3D 0.22689E+16 |1 0.001 0.001 *
P27B-P3E 1.51321E+17 |1 0.001 0.001 *
P27B-P3F 1.51321E+17 |1 0.001 0.001 *
P27B-P492 1.51321E+17 |1 0.001 0.001 *
P27B-P6A 0.22689E+16 |1 0.001 0.001 *
P27B-P6B 0.22689E+16 |1 0.001 0.001 *
P27B-P6C 1.14637E+17 |1 0.001 0.001 *
P27B-P7B 1.51321E+17 |1 0.001 0.001 *
P27B-P7C 8.40672E+16 |1 0.001 0.001 *
P27B-P7D 1.51321E+17 |1 0.001 0.001 *
P27B-P7E 2.22531E+17 |1 0.001 0.001 *
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P27B-P7F 1.51321E+17 |1 0.001 0.001 *
P27B-P7G 1.80144E+17 |1 0.001 0.001 *
P27B-P7H 1.51321E+17 |1 0.001 0.001 *
P27C-P27E 2.91002E+17 [1 0.001 0.001 *
P27C-P2A 1.51321E+17 |1 0.002 0.002 *
P27C-P2D 0.22689E+16 |1 0.001 0.001 *
P27C-P2F 1.51321E+17 |1 0.001 0.001 *
P27C-P2G 8.40672E+16 |1 0.001 0.001 *
P27C-P34 1.51321E+17 |1 0.002 0.002 *
pP27C-P37 2.22531E+17 |1 0.001 0.001 *
P27C-P3A 1.14637E+17 |1 0.001 0.001 *
P27C-P3B 8.40672E+16 |1 0.002 0.002 *
pP27C-P3D 8.40672E+16 |1 0.001 0.001 *
P27C-P3E 1.14637E+17 |1 0.001 0.001 *
P27C-P3F 1.51321E+17 |1 0.001 0.001 *
P27C-P492 0.22689E+16 |1 0.001 0.001 *
P27C-P6A 1.14637E+17 |1 0.001 0.001 *
P27C-P6B 2.22531E+17 |1 0.001 0.001 *
P27C-P6C 2.22531E+17 |1 0.001 0.001 *
P27C-P7B 2.22531E+17 |1 0.001 0.001 *
pP27C-P7C 2.22531E+17 |1 0.001 0.001 *
P27C-P7D 1.51321E+17 |1 0.001 0.001 *
P27C-P7E 1.14637E+17 |1 0.001 0.001 *
P27C-P7F 2.22531E+17 |1 0.001 0.001 *
P27C-P7G 1.14637E+17 |1 0.001 0.001 *
P27C-P7H 1.14637E+17 |1 0.002 0.002 *
P27E-P2A 1.14637E+17 |1 0.001 0.001 *
P27E-P2D 2.22531E+17 |1 0.001 0.001 *
P27E-P2F 0.22689E+16 |1 0.001 0.001 *
P27E-P2G 1.80144E+17 |1 0.001 0.001 *
P27E-P34 1.14637E+17 |1 0.001 0.001 *
P27E-P37 8.40672E+16 |1 0.001 0.001 *
P27E-P3A 2.22531E+17 |1 0.003 0.003 *
P27E-P3B 2.22531E+17 |1 0.003 0.003 *
P27E-P3D 0.22689E+16 |1 0.001 0.001 *
P27E-P3E 2.22531E+17 |1 0.001 0.001 *
P27E-P3F 1.51321E+17 |1 0.001 0.001 *
P27E-P492 2.22531E+17 |1 0.001 0.001 *
P27E-P6A 8.40672E+16 |1 0.001 0.001 *
P27E-P6B 1.14637E+17 |1 0.001 0.001 *
P27E-P6C 1.51321E+17 |1 0.001 0.001 *
P27E-P7B 1.14637E+17 |1 0.001 0.001 *
P27E-P7C 1.51321E+17 |1 0.001 0.001 *
P27E-P7D 1.51321E+17 |1 0.001 0.001 *
P27E-PTE 8.40672E+16 |1 0.004 0.004 *
P27E-PT7F 0.22689E+16 |1 0.001 0.001 *
P27E-P7G 0.22689E+16 |1 0.001 0.001 *
P27E-P7TH 1.51321E+17 |1 0.001 0.001 *
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P2A-P2D 2.22531E+17 |1 0.001 0.001 *
P2A-P2F 8.40672E+16 |1 0.001 0.001 *
P2A-P2G 2.22531E+17 |1 0.001 0.001 *
P2A-P34 0.22689E+16 |1 0.001 0.001 *
P2A-P37 8.40672E+16 |1 0.001 0.001 *
P2A-P3A 8.40672E+16 |1 0.001 0.001 *
P2A-P3B 8.40672E+16 |1 0.001 0.001 *
P2A-P3D 2.22531E+17 |1 0.001 0.001 *
P2A-P3E 1.30449E+17 |1 0.001 0.001 *
P2A-P3F 1.02244E+17 |1 0.001 0.001 *
P2A-P492 0.22689E+16 |1 0.001 0.001 *
P2A-P6A 2.91002E+17 [1 0.001 0.001 *
P2A-P6B 1.80144E+17 |1 0.002 0.002 *
P2A-P6C 1.30449E+17 |1 0.001 0.001 *
P2A-P7B 1.51321E+17 |1 0.001 0.001 *
P2A-P7C 0.22689E+16 |1 0.001 0.001 *
P2A-P7D 1.80144E+17 |1 0.001 0.001 *
P2A-P7E 2.22531E+17 |1 0.001 0.001 *
P2A-P7F 1.51321E+17 |1 0.001 0.001 *
P2A-P7G 1.14637E+17 |1 0.001 0.001 *
P2A-P7H 0.22689E+16 |1 0.001 0.001 *
P2D-P2F 1.80144E+17 |1 0.002 0.002 *
P2D-P2G 8.40672E+16 |1 0.001 0.001 *
P2D-P34 1.51321E+17 |1 0.001 0.001 *
P2D-P37 1.02244E+17 |1 0.001 0.001 *
P2D-P3A 0.22689E+16 |1 0.001 0.001 *
P2D-P3B 1.14637E+17 |1 0.001 0.001 *
P2D-P3D 0.22689E+16 |1 0.001 0.001 *
P2D-P3E 1.14637E+17 |1 0.001 0.001 *
P2D-P3F 0.22689E+16 |1 0.001 0.001 *
P2D-P492 0.22689E+16 |1 0.002 0.002 *
P2D-P6A 1.14637E+17 |1 0.002 0.002 *
P2D-P6B 0.22689E+16 |1 0.002 0.002 *
P2D-P6C 1.14637E+17 |1 0.001 0.001 *
P2D-P7B 2.22531E+17 |1 0.001 0.001 *
P2D-P7C 1.80144E+17 |1 0.002 0.002 *
P2D-P7D 0.22689E+16 |1 0.001 0.001 *
P2D-P7E 1.51321E+17 |1 0.001 0.001 *
P2D-P7F 8.40672E+16 |1 0.002 0.002 *
P2D-P7G 1.51321E+17 |1 0.004 0.004 *
P2D-P7H 0.22689E+16 |1 0.001 0.001 *
P2F-P2G 1.51321E+17 |1 0.001 0.001 *
P2F-P34 1.51321E+17 |1 0.001 0.001 *
P2F-P37 1.80144E+17 |1 0.001 0.001 *
P2F-P3A 2.22531E+17 |1 0.002 0.002 *
P2F-P3B 1.14637E+17 |1 0.001 0.001 *
P2F-P3D 1.51321E+17 |1 0.001 0.001 *
P2F-P3E 2.22531E+17 |1 0.001 0.001 *
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P2F-P3F 1.14637E+17 |1 0.001 0.001 *
P2F-P492 1.14637E+17 |1 0.001 0.001 *
P2F-P6A 1.51321E+17 |1 0.002 0.002 *
P2F-P6B 2.22531E+17 |1 0.001 0.001 *
P2F-P6C 0.22689E+16 |1 0.001 0.001 *
P2F-P7B 0.22689E+16 |1 0.001 0.001 *
P2F-P7C 2.22531E+17 |1 0.001 0.001 *
P2F-P7D 2.22531E+17 |1 0.001 0.001 *
P2F-P7E 2.22531E+17 |1 0.001 0.001 *
P2F-P7F 1.51321E+17 |1 0.001 0.001 *
P2F-P7G 0.22689E+16 |1 0.001 0.001 *
P2F-P7H 1.51321E+17 |1 0.001 0.001 *
P2G-P34 2.22531E+17 |1 0.001 0.001 *
P2G-P37 1.14637E+17 |1 0.001 0.001 *
P2G-P3A 1.51321E+17 |1 0.001 0.001 *
P2G-P3B 1.80144E+17 |1 0.002 0.002 *
P2G-P3D 1.51321E+17 |1 0.001 0.001 *
P2G-P3E 1.51321E+17 |1 0.001 0.001 *
P2G-P3F 2.22531E+17 |1 0.001 0.001 *
P2G-P492 2.22531E+17 |1 0.001 0.001 *
P2G-P6A 2.22531E+17 |1 0.001 0.001 *
P2G-P6B 2.22531E+17 |1 0.001 0.001 *
P2G-P6C 8.40672E+16 |1 0.001 0.001 *
P2G-P7B 1.14637E+17 |1 0.001 0.001 *
P2G-P7C 0.22689E+16 |1 0.001 0.001 *
P2G-P7D 0.22689E+16 |1 0.001 0.001 *
P2G-P7E 1.51321E+17 |1 0.001 0.001 *
P2G-P7F 1.14637E+17 |1 0.001 0.001 *
P2G-P7G 2.22531E+17 |1 0.001 0.001 *
P2G-P7H 1.51321E+17 |1 0.001 0.001 *
P34-P37 0.22689E+16 |1 0.002 0.002 *
P34-P3A 1.51321E+17 |1 0.001 0.001 *
P34-P3B 2.22531E+17 |1 0.001 0.001 *
P34-P3D 1.51321E+17 |1 0.001 0.001 *
P34-P3E 0.22689E+16 |1 0.001 0.001 *
P34-P3F 1.80144E+17 |1 0.001 0.001 *
P34-P492 1.51321E+17 |1 0.001 0.001 *
P34-P6A 1.14637E+17 |1 0.001 0.001 *
P34-P6B 1.51321E+17 |1 0.002 0.002 *
P34-P6C 8.40672E+16 |1 0.001 0.001 *
P34-P7B 1.14637E+17 |1 0.002 0.002 *
P34-P7C 1.51321E+17 |1 0.001 0.001 *
P34-P7D 8.40672E+16 |1 0.002 0.002 *
P34-P7E 2.22531E+17 1 0.002 0.002 *
P34-P7F 1.14637E+17 |1 0.001 0.001 *
P34-P7G 2.22531E+17 |1 0.002 0.002 *
P34-P7TH 8.40672E+16 |1 0.001 0.001 *
P37-P3A 8.40672E+16 |1 0.001 0.001 *
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P37-P3B 2.22531E+17 |1 0.003 0.003 *
P37-P3D 1.14637E+17 |1 0.004 0.004 *
P37-P3E 1.14637E+17 |1 0.001 0.001 *
P37-P3F 1.51321E+17 |1 0.001 0.001 *
P37-P492 1.51321E+17 |1 0.001 0.001 *
P37-P6A 2.22531E+17 |1 0.001 0.001 *
P37-P6B 2.22531E+17 |1 0.001 0.001 *
P37-P6C 2.22531E+17 |1 0.001 0.001 *
P37-P7B 0.22689E+16 |1 0.001 0.001 *
P37-P7C 1.80144E+17 |1 0.001 0.001 *
P37-P7D 1.51321E+17 |1 0.002 0.002 *
P37-P7E 0.22689E+16 |1 0.001 0.001 *
P37-P7F 0.22689E+16 |1 0.002 0.002 *
P37-P7G 0.22689E+16 |1 0.001 0.001 *
P37-P7TH 1.14637E+17 |1 0.001 0.001 *
P3A-P3B 8.40672E+16 |1 0.001 0.001 *
P3A-P3D 1.14637E+17 |1 0.001 0.001 *
P3A-P3E 8.40672E+16 |1 0.001 0.001 *
P3A-P3F 1.14637E+17 |1 0.001 0.001 *
P3A-P492 1.51321E+17 |1 0.001 0.001 *
P3A-P6A 2.22531E+17 |1 0.001 0.001 *
P3A-P6B 0.22689E+16 |1 0.001 0.001 *
P3A-P6C 0.22689E+16 |1 0.001 0.001 *
P3A-P7B 0.22689E+16 |1 0.001 0.001 *
P3A-P7C 1.51321E+17 |1 0.001 0.001 *
P3A-P7D 1.14637E+17 |1 0.001 0.001 *
P3A-P7E 8.40672E+16 |1 0.001 0.001 *
P3A-P7F 1.51321E+17 |1 0.002 0.002 *
P3A-P7G 0.22689E+16 |1 0.001 0.001 *
P3A-P7H 0.22689E+16 |1 0.001 0.001 *
P3B-P3D 0.22689E+16 |1 0.001 0.001 *
P3B-P3E 1.51321E+17 |1 0.001 0.001 *
P3B-P3F 1.14637E+17 |1 0.001 0.001 *
P3B-P492 1.02244E+17 |1 0.001 0.001 *
P3B-P6A 1.51321E+17 |1 0.001 0.001 *
P3B-P6B 1.14637E+17 |1 0.001 0.001 *
P3B-P6C 1.51321E+17 |1 0.001 0.001 *
P3B-P7B 1.30449E+17 |1 0.001 0.001 *
P3B-P7C 0.22689E+16 |1 0.001 0.001 *
P3B-P7D 1.14637E+17 |1 0.001 0.001 *
P3B-P7E 1.80144E+17 |1 0.001 0.001 *
P3B-P7F 1.02244E+17 |1 0.001 0.001 *
P3B-P7G 1.14637E+17 |1 0.001 0.001 *
P3B-P7H 0.22689E+16 |1 0.001 0.001 *
P3D-P3E 1.14637E+17 |1 0.001 0.001 *
P3D-P3F 1.14637E+17 |1 0.001 0.001 *
P3D-P492 2.22531E+17 |1 0.001 0.001 *
P3D-P6A 1.14637E+17 |1 0.001 0.001 *




79

P3D-P6B 2.22531E+17 |1 0.002 0.002 *
P3D-P6C 8.40672E+16 |1 0.001 0.001 *
P3D-P7B 1.14637E+17 |1 0.001 0.001 *
P3D-P7C 0.22689E+16 |1 0.001 0.001 *
P3D-P7D 0.22689E+16 |1 0.001 0.001 *
P3D-P7E 2.22531E+17 |1 0.001 0.001 *
P3D-P7F 0.22689E+16 |1 0.001 0.001 *
P3D-P7G 1.14637E+17 |1 0.001 0.001 *
P3D-P7H 2.22531E+17 |1 0.001 0.001 *
P3E-P3F 1.80144E+17 |1 0.001 0.001 *
P3E-P492 8.40672E+16 |1 0.001 0.001 *
P3E-P6A 1.14637E+17 |1 0.001 0.001 *
P3E-P6B 1.30449E+17 |1 0.001 0.001 *
P3E-P6C 8.40672E+16 |1 0.004 0.004 *
P3E-P7B 2.22531E+17 |1 0.001 0.001 *
P3E-P7C 0.22689E+16 |1 0.001 0.001 *
P3E-P7D 0.22689E+16 |1 0.001 0.001 *
P3E-P/7E 1.14637E+17 |1 0.001 0.001 *
P3E-P7F 1.14637E+17 |1 0.002 0.002 *
P3E-P7G 8.40672E+16 |1 0.001 0.001 *
P3E-P7H 0.22689E+16 |1 0.001 0.001 *
P3F-P492 0.22689E+16 |1 0.001 0.001 *
P3F-P6A 1.14637E+17 |1 0.001 0.001 *
P3F-P6B 1.14637E+17 |1 0.001 0.001 *
P3F-P6C 1.14637E+17 |1 0.001 0.001 *
P3F-P7B 1.30449E+17 |1 0.001 0.001 *
P3F-P7C 1.80144E+17 |1 0.001 0.001 *
P3F-P7D 1.14637E+17 |1 0.002 0.002 *
P3F-P7E 2.22531E+17 |1 0.001 0.001 *
P3F-P7F 0.22689E+16 |1 0.001 0.001 *
P3F-P7G 8.40672E+16 |1 0.002 0.002 *
P3F-P7H 1.14637E+17 |1 0.001 0.001 *
P492-P6A 1.14637E+17 |1 0.001 0.001 *
P492-P6B 1.51321E+17 |1 0.001 0.001 *
P492-P6C 1.51321E+17 |1 0.002 0.002 *
P492-P7B 2.22531E+17 |1 0.001 0.001 *
P492-P7C 1.14637E+17 |1 0.002 0.002 *
P492-P7D 1.51321E+17 |1 0.001 0.001 *
P492-P7E 0.22689E+16 |1 0.001 0.001 *
P492-P7F 2.22531E+17 |1 0.001 0.001 *
P492-P7G 0.22689E+16 |1 0.002 0.002 *
P492-P7H 0.22689E+16 |1 0.002 0.002 *
P6A-P6B 1.14637E+17 |1 0.002 0.002 *
P6A-P6C 0.22689E+16 |1 0.001 0.001 *
P6A-P7B 1.51321E+17 |1 0.001 0.001 *
P6A-P7C 8.40672E+16 |1 0.001 0.001 *
P6A-P7D 8.40672E+16 |1 0.001 0.001 *
P6A-P7E 1.51321E+17 |1 0.001 0.001 *
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P6A-P7F 1.14637E+17 |1 0.001 0.001 *
P6A-P7G 1.51321E+17 |1 0.001 0.001 *
P6A-P7H 1.14637E+17 |1 0.001 0.001 *
P6B-P6C 1.14637E+17 |1 0.001 0.001 *
P6B-P7B 0.22689E+16 |1 0.001 0.001 *
P6B-P7C 1.14637E+17 |1 0.001 0.001 *
P6B-P7D 2.22531E+17 1 0.001 0.001 *
P6B-P7E 1.51321E+17 |1 0.001 0.001 *
P6B-P7F 1.51321E+17 |1 0.001 0.001 *
P6B-P7G 2.22531E+17 |1 0.001 0.001 *
P6B-P7H 1.51321E+17 |1 0.001 0.001 *
P6C-P7B 1.14637E+17 |1 0.001 0.001 *
P6C-P7C 2.22531E+17 1 0.001 0.001 *
P6C-P7D 0.22689E+16 |1 0.001 0.001 *
P6C-P7E 1.51321E+17 |1 0.001 0.001 *
P6C-P7F 0.22689E+16 |1 0.001 0.001 *
P6C-P7G 1.14637E+17 |1 0.001 0.001 *
P6C-P7H 8.40672E+16 |1 0.001 0.001 *
P7B-P7C 1.14637E+17 |1 0.001 0.001 *
P7B-P7D 2.22531E+17 |1 0.001 0.001 *
P7B-P7E 1.30449E+17 |1 0.002 0.002 *
P7B-P7F 0.22689E+16 |1 0.001 0.001 *
P7B-P7G 0.22689E+16 |1 0.001 0.001 *
P7B-P7H 1.80144E+17 |1 0.001 0.001 *
P7C-P7D 2.22531E+17 1 0.002 0.002 *
P7C-P7E 1.51321E+17 |1 0.001 0.001 *
P7C-P7F 8.40672E+16 |1 0.002 0.002 *
P7C-P7G 1.51321E+17 |1 0.001 0.001 *
P7C-P7TH 1.14637E+17 |1 0.001 0.001 *
P7D-P7E 0.22689E+16 |1 0.001 0.001 *
P7D-P7F 1.14637E+17 |1 0.001 0.001 *
P7D-P7G 8.40672E+16 |1 0.001 0.001 *
P7D-P7H 1.14637E+17 |1 0.001 0.001 *
P7E-P7F 0.22689E+16 |1 0.001 0.001 *
P7E-P7G 0.22689E+16 |1 0.001 0.001 *
P7E-P7H 1.14637E+17 |1 0.002 0.002 *
P7F-P7G 8.40672E+16 |1 0.001 0.001 *
P7F-P7H 8.40672E+16 |1 0.001 0.001 *
P7G-P7H 2.22531E+17 1 0.002 0.002 *




