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ABSTRACT 
 

The eastern part of the island of Vieques (Puerto Rico) was subjected to live fire bombing 

by the US Navy and Marine Corps for approximately 60 years, leaving multiple 

unexploded ordnances in terrestrial and marine environments. The microbial community 

structure under different redox conditions were examined in soil and marine sediment 

samples exposed to 2,4-Dinitrotoluene (2,4-DNT) and Hexahidro-1,3,5-Trinitro-1,3,5-

Triazina (RDX). Samples from the former training ranges were obtained and separately 

subjected to four treatments (no addition of explosives, 2,4-DNT or RDX, addition of 

2,4-DNT or RDX and a carbon source, and a killed control with 2,4-DNT or RDX and a 

carbon source) under two redox conditions for four (4) weeks (oxic and sulfate-reducing). 

The influence of explosives on the bacterial community structure was analyzed by 

correspondence analysis (CA) of terminal restriction length polymorphism (T-RFLP) 

profiles and through the cloning and sequencing of 16S rRNA genes.  Soil microbial 

communities exhibited the metabolic capability to mineralize 2,4-DNT under aerobic 

conditions as evidenced by the decreased of 2,4-DNT coupled with the stochiometric 

production of nitrite. Specific changes in microbial community during the active 

degradation process of 2,4-DNT (day 8 to 16) suggest an enrichment of possible 

degraders. Additionally, comparison of 2,4-DNT amended and un-amended clone 

libraries from day 8, showed an increment in the Comamonadaceae family (29 to 44%) in 

amended systems. The recovered Comamonadacea sequences were closely related to 

Variovorax genus. Finally, in-silico T-RF profiles of Comamonadaceae family are also 

dominant in T-RFLP profiles from 2,4-DNT amended microcosms. In contrast, soil 

concentration of RDX in aerobic microcosm did not decrease during the experiment but 
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significantly changed the microbial community T-RFLP profile, even more dramatic than 

2,4-DNT treatments. In marine sediments, the persistence of RDX did not influence the 

microbial structure. Under sulfate reducing conditions, 2,4-DNT and RDX rapid 

decreases on soil and marine sediment microcosms even in abiotic controls, suggesting 

that under this conditions explosives are degraded or become less bio-available thus 

decreasing its impact on the ecosystem.  It was observed as well that the addition of RDX 

to aerobic soil microcosms decreased the relative abundance of OTUs of the fragments 

related to the Commamonadaceae family. Therefore mix contaminations with RDX and 

2,4-DNT in aerobic soil could affect the 2,4-DNT degrading community and thus 

interfering with its natural attenuation. Microbial community analysis provides key 

ecological criteria’s to better understand the fate of pollutants and to identify indigenous 

microbial potential to assist environmental restoration. 
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RESUMEN 

 
La isla de Vieques (Puerto Rico) fue utilizada por la Marina de los Estados Unidos como 

lugar de práctica militar siendo objeto de continuos bombardeos por un periodo 

aproximado de 60 años, dejando toneladas de municiones sin detonar en ambientes 

marinos y terrestres. El presente estudio pretende explorar, el destino y efecto del 2,4-

DNT y RDX sobre las comunidades microbianas de Vieques. Las muestras se colectaron 

en suelo y sedimento marino de las antigua zonas de entrenamiento, estas fueron sujetas a 

cuatro distintitos tratamientos (sin adición de explosivo, con adición de 2,4-DNT o RDX, 

adición de 2,4-DNT o RDX y una fuente de carbono, y esterilización con adición de 2,4-

DNT o RDX y una fuente de carbono) y dos condiciones de oxido-reducción (aeróbicas y 

sulfato reductoras) durante un periodo de 32 días. El efecto de los explosivos en la 

comunidad microbiana se determino por medio del análisis de correspondencia de los 

perfiles del T-RFLP y  a través del la clonación y posterior secuenciación del gen 16s 

rRNA. Las comunidades microbianas del suelo poseen la capacidad metabólica para 

mineralizar 2,4-DNT bajo condiciones aeróbicas, como sugiere la evidencia de 

disminución de 2,4-DNT acoplada con la producción de estequiométrica de nitrito. Los 

cambios específicos en la comunidad microbiana durante el periodo activo de la 

degradación de 2,4-DNT (día 8 al 16) sugieren un enriquecimiento de los posibles 

degradadores. Adicionalmente, la comparación de las librerías de clones de los 

microcosmos de suelo del día 8, con y sin la adición de 2,4-DNT mostraron un 

enriquecimiento de la familia Commamonadacea (29 a 44%) en los microcosmos con 

adición de 2,4-DNT, la mayoría de estas secuencias se encuentran relacionadas con el 

genero Variovorax donde algunas especies como V. paradoxus han sido descritas como 
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degradadotas de 2,4-DNT in consorcios bacterianos. Finalmente, mediante la generación 

in-silico de fragmentos terminales de las secuencias de la familia Commamonadacea se 

demostró el enriquecimiento de estos fragmentos en el T-RFLP del microcosmo con 

adición de 2,4-DNT. Por el contrario, la adición de  RDX mostró un efecto más fuerte en 

la comunidad del suelo donde se comporto como un contaminante persistente. En el caso 

de los sedimentos marinos, la persistencia del RDX no mostró un efecto aparente en la 

estructura microbiana lo cual sugiere que en el caso de liberación en sedimentos marinos 

RDX tiene un efecto más débil que la liberación de 2,4 DNT. Bajo condiciones de sulfato 

reducción, se observo una rápida disminución  de la concentración 2,4-DNT y RDX  los 

microcosmos del suelo y de sedimentos marinos, esta disminución de los explosivos se 

observo incluso en los controles abióticos, lo que sugiere que bajo condiciones de sulfato 

reducción los explosivos son rápidamente degradados o se  disminuye su bio-

disponibilidad y por lo tanto su impacto en el ecosistema. También se encontró que 

aquellos fragmentos terminales relacionados con la degradación de 2,4-DNT son 

inhibidos en el suelo por la adición de RDX,  lo que sugiere que la liberación simultanea 

de RDX y 2,4-DNT en suelos bajo condiciones aeróbicas puede disminuir la degradación 

de 2,4-DNT y por lo tanto interferir con su atenuación natural en el ambiente. La 

identificación cambios en las comunidades microbianas y el uso de análisis ecológicos 

promueven el avance del entendimiento del destino y efecto de los contaminantes y 

permiten la identificación del potencial de los las comunidades microbianas nativas para 

determinar estrategias de restauración ambiental  
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INTRODUCTION 

 
Effect of military activities on environmental and human health is an important concern 

in active or abandoned military training areas. During 60 years, the US Navy and Marine 

Corps used the eastern part of Vieques (an island-municipality of Puerto Rico) for live 

fire bombing and shelling practice (Vieques). This training facility was known as the 

Atlantic Fleet Weapons Training Facility (AFWTF). Although the AFWTF was officially 

closed on April 30, 2003, important focus of contamination persists in the area due to 

thousands of UXO’s that persist on soils and marine sediments and could release 

explosives to the surrounding environment by core fragmentation. Residual explosive 

compounds, heavy metals and other chemicals associated to military activities are toxic 

to human and other living forms. 

 

AFWTF military exercises had been associated to significant differences in the 

standardized cancer incidence rate for the civilian population in Vieques civil population 

(2, 69). Furthermore, the impact of military activities on Vieques marine and terrestrial 

plants has been studied. Studies have shown higher heavy metal concentrations (Pb, Cd, 

Ni and Cb) in Syringodium filiforme, Panicum maximun, Calotropis procera, Sporobolus 

virginicus collected at the bombing site compared to reference locations in Puerto Rico. 

The results suggest a significant contribution of military activities on heavy metal 

mobilization to marine and terrestrial vegetation. The transfer of pollutants to the base of 

the food web represents a major risk to human and other organism health (43). 
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Effects of military training activities in tropical soils and marine environments are 

scarcely studied. The understanding of microbial community structure in this disturbed 

area will support environmental restoration strategies and will help to predict effects of 

contamination disturbances on ground and marine environments. Additionally, military 

training areas are potential sites for finding explosive-degrading microorganisms due to 

the historical use of large amounts of munitions and the great number of unexploded 

ordnances (UXO) that persist on soils and marine sediments. In these habitats, the 

prolonged exposition to these compounds exerts a natural selection pressure that favors 

the evolution of explosive degradation pathways in organisms with a great metabolic 

flexibility such as microorganisms (32).  
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OBJECTIVES 

 

• To evaluate the role of natural attenuation of 2,4-DNT and RDX in marine 

and terrestrial environments under different REDOX conditions at Vieques, 

Puerto Rico.  

 

• To evaluate the influence of 2.4-DNT and RDX in marine and terrestrial 

microbial communities. 
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LITERATURE REVIEW 

 

Vieques island and military activities 

Vieques is a small island located about 7 miles across southeast of Puerto Rico mainland 

and 20 miles southwest of St. Thomas, U.S. Virgin Islands. It is 21 miles long by 4.5 

miles width, with a surface of approx. 51 square miles. It is located between 18°10’N and 

18°05’N latitude, and 65°35’W and 65°16’W longitude. Vieques has a population of 

about 9,106 habitants according to 2000 census, distributed mainly in two areas, Isabel 

Segunda and La Esperanza. Before the intervention of US Navy, the land was used 

mostly for sugar cane production and cattle grazing. Vieques has a tropical-marine 

climate with nearly constant temperature and an annual average of 79˚F. Precipitation 

patterns differ along the island. The western part of the island averages approx. 50 inches 

of rainfall per year, while the eastern part of the island is typically drier with an annual 

rainfall of about 25 inches per year (5). 

 

Military activities started at Vieques in 1941, when the US Navy purchased 26,000 of the 

33,000 acres that comprise the island. Between 1941 and 1950, Vieques was used as a 

live ordnance range of Navy and Marine Corps forces in support of World War II.  In 

1960, the Navy established naval gunfire support (NSFS) and air-to-ground (ATG) 

targets and subsequently began holding training exercises. 

 

The Atlantic Fleet Weapons Training Area (AFWTA) of Vieques was conformed by four 

main areas: Eastern Maneuver Area (EMA), the former Surface Impact Area (SIA), the 
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Live Impact Area (LIA) and the Eastern Conservation Zone. The EMA was approx. a 

10,673 acres area used as a maneuvering space. Several ranges were established at EMA 

for the training of marine amphibious units and battalion landing teams. Exercises 

consisted of amphibious landings, small arms fire, artillery and tank fire, shore fire 

control, and combat engineering tasks (3). In 1966, a series of small arms ranges and 

firing positions were established along the northern coast of the EMA and near the 

boundary with SIA (western end of the EMA), respectively. The SIA encompassed 

11,070 acres, it was established in 1950s when several marine artillery targets were 

constructed, marine artillery was directed toward these targets from gun position within 

SIA and EMA. During mid 1970, bull eye targets were established in SIA for air-to-

ground bombing with MK-76 and MK-106 practice bombs and inert rockets. The LIA 

was a 900 acres area where most of the training activities were performed, it was 

established in 1964 for naval training (5) exercises and in 1965 for aerial bombing. Since 

the middle 1970s, naval gunfire was practiced at the LIA.  Between 1974 and 1998, a 

total weight of up to 27,000 tons of naval gunfire and air-to-ground artillery were fired to 

the LIA.  

 

The predominant munitions used by the Navy in Vieques were 5”/54 caliber projectiles 

and Mk-82 aerial bombs. During the typical naval gunfire support training, 82% of the 

munitions used were non-explosive bombs and 18% were live bombs. Similarly air-to-

ground ordnance delivery training used 85% of non-explosive bombs (3). The explosive 

charges were mainly mixes of different proportions of 2,4,6- trinitrotoluene (TNT), 

Hexahidro-1,3,5-Trinitro-1,3,5-Triazina (RDX), methyl-2,4,6-trinitrophenylnitramine 
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(tetryl), cyclotetramethylene tetranitramine (HMX), ammonium picrate (explosive D), 

and several combinations of these chemicals. Dinitrotoluene (DNT) was mostly used as 

munitions propellant. As a result of these practices, high amounts of unexploded 

ordnance (UXO) and remnants of exploded ordnance have been identified at the range 

areas and in the surrounding waters. After the analysis of possible hazardous chemicals 

on drinking water, two carcinogenic substances, RDX and TNT, were found in high 

concentrations in several fresh water sources at Vieques. In June 13th of 2003, due to the 

high risk for ‘Vienqueses’ and for terrestrial and marine ecosystems, Governor Sila M. 

Calderón petitioned the designation of the AFWTF to be included in the US EPA 

National Priority List (1).  

 

Explosives biodegradation pathways  

The abundance of natural compounds with nitro-functional groups is limited, but their 

presences in natural environments have been demonstrated. Some examples of naturally 

produced nitroaromatic compounds are: pyrrolnitrin, chloramphenicol, nitropolyuretane, 

oxypyrrolnitrin, and phidolopin (19). Explosives are xenobiotic nitro-substituted organic 

compounds and nitramines and their degradation pathway is a metabolic challenge for 

microorganisms due to the recent exposition and, the limited variety and quantity of 

nitro-substituted organic compounds (33). 

 

Among explosives, 2,4-dinitrotoluene (2,4-DNT) is a nitroaromatic compound produced 

together with 2,6-dinitrotoluene (2,6-DNT) as sub-products of TNT synthesis. It is 

employed in polyurethane foams, ammunition, and dyes manufacturing (48, 59). 
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Degradation pathways for some nitro-aromatics have been observed in sites contaminated 

by ammunitions industries or by military activities. For example, Burkholderia sp. DNT 

and Burkholderia cepacia R34 are 2,4 DNT-degrading bacteria isolated from TNT 

manufacturing sites at the Radford Army Ammunition Plant (Radford, VA) and Waconda 

Bay near Volunteer Army Ammunition Plant (Chattanooga, TN), respectively (47, 59). 

Cloning and sequencing analysis of genes encoding for nitroarene degradation enzymes 

in B. cepacia R34 and Burkholderia sp. DNT revealed that 2,4 DNT degradation pathway 

evolved through gene recruiting from other aromatic compounds degradation pathways 

and amino acid metabolism (32). It is believed that 2,4 DNT degradation pathway has 

recently evolved through the assemblage by transposon insertions of oxygenase genes 

(supporting evidence includes remnants of genetic material of ancestral pathways, the 

primitive or inefficient regulation of enzymes synthesis, and the low catalytic specificity 

of enzymes) (33). 

 

Dinitrotoluene can be used as carbon, nitrogen and energy sources in bacterial oxidative 

routes (Fig. 1). The 2,4 DNT aerobic degradation pathway starts with a hydroxylation 

reaction resulting in the formation of 4-methyl-5-nitrocatechol by a multicomponent 

dioxygenase similar to naphthalene dioxygenase (26). Methylnitrocatechol is then 

oxidized by methylnitrocathecol-monooxygenase to yield 2-hidroxy-5-methylquinone, 

which is reduced to produce 2,4,5-trihydroxytoluene. This compound is then oxidized by 

a trihydroxytoluene oxygenase that breaks the aromatic ring generating 2,4-dihydroxy-5-

methyl-6-oxo-2,4-hexadienoic acid. Finally, this intermediate is transformed by known 
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enzymes involved in amino acid degradation to obtain piruvate and methyl-malonyl-CoA 

(33).  

 

Lignin degrading fungi such as Phanerochaete chrysosporium, is able to transform 2,4-

DNT to CO2 and nitrous oxide (N2O). In this case, the first nitro group is reduced to yield 

an amino dinitrotoluene, while a o-magnesium peroxidase catalyze the removal of the 

amino group (64). Alternatively, 2,4-DNT can be reduced to amino and azoxy 

compounds, however these products are not degradable and do not offer any selective 

advantage (60). 

 

In contrast RDX is a cyclic nitramine widely used as a component of a wide number of 

explosives formulations. It can be degraded using composting systems, bioslurry reactors, 

soil flooded biopiles and bacterial pure cultures under aerobic and anaerobic conditions 

(29). Anaerobic degradation is catalyzed by nitroreductases of some Enterobacteriaceae 

(38). However, other microbial enzymes involved in RDX anaerobic degradation are still 

unknown. McCormick and coworkers (44) proposed a pathway in which nitroso 

compounds are transformed to hydroxylamine derivates before RDX ring cleavage. The 

degradation occurs in a sequential reduction of RDX to hexahydro-1-nitroso-3,5-dinitro-

1,4,5-triazine (MNX), hexahydro-1,3-dinitroso-5-nitro-1,4,5-triazine (DNX) and 

hexahydro-1,3,5-trinitroso-1,3,5-triazine (TNX), generating hydrazines, formaldehyde 

and methanol. Hawari and coworkers (29) proposed a new pathway where novel 

metabolites, such as methylenedinitramine and bis(hydroxymethyl) nitramine, were 

formed by direct cleavage of RDX ring with the posterior production of nitrous oxide 
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(N2O) as a major product, this initial enzymatic cleavage of the inner N-C-N bonds could 

be catalyzed by hydrolases (Fig. 2 path A).  

 

Aerobically RDX can be degraded as well in pure culture of Stenotrophomonas 

maltophilia, Rhodococcus sp. strain A, Rhodococcus sp. strain D22 (5), Williamsia sp. 

KTR4, and Gordonia sp. KTR9 (63). Additionally, RDX is used as sole nitrogen source 

with three of its six nitrogen atoms incorporated into the biomass. Coleman and 

coworkers (17) found that a plasmid-encoded cytochrome P450 was responsible for RDX 

degradation in Rhodococcus strain D22. Cytochrome P450 2B4 from rabbit liver 

catalyzes the sequential transfer of two single electrons to RDX. The first electron causes 

denitrations to form compound I, and the second electron causes a second denitration to 

yield compound II (Fig. 3). The latter product is unstable in water and it is probably 

hydrolyzed by the incorporation of two hidroxyl groups from two H2O molecules to 

produce a hypothetical compound III, and then occurs the spontaneous decomposition of 

compound III to produce 4-nitro-2,4-diazabutanal (9). 

 

Explosive toxicity  

Explosive toxicity has been documented in prokaryotic organisms as Vibrio fisheri, using 

bioluminescent as screening indicators for soil toxicity and mutagenicity (22). 

Trinitrotoluene (TNT) toxicity has also been studied in several eukaryotic model 

organisms, such as earthworms (52), white potworms (Enchytraeus albidus) and fishes 

(Pimephales promelas) (70). On earthworms, it was observed that sub-lethal 

concentrations of TNT affected its nervous system, caused blood disorders and weakened 
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its immunity (24). The US EPA has established that long-term exposition to TNT could 

result in urinary bladder tumors in rats and recognize TNT as a human carcinogen (1). 

Furthermore, exposure to high levels of DNT may affect blood and nervous systems in 

humans, and it may develop cancer in laboratory animals (4). Its toxicity has been studied 

in fish by gene based microarrays expression profiles. Results in Pimephales promelas 

showed adverse impacts of 2,4 DNT exposure in gene expression associated to lipid 

metabolism and oxygen transport (70).  

 

A single organism toxicity screen, however, may not be a good assessment of the global 

health of a disturbed environment. Microbial community promise to be a more sensitive 

and comprehensive indicator of residual toxicity thus, serving as a good complement to 

the disappearance or sequestration of pollutants. Microbial response to a contaminant 

should quantitatively indicate the natural attenuation processes occurring, the nutritional 

status, and other features of the environment in concern; but its use as a risk assessment 

tool or risk prediction is still under study (66). For now, the understanding of microbial 

community structure in disturbed areas will support environmental restoration strategies 

and will help to predict effects of contamination disturbances on ground and water 

systems.  

 

In the case of military training areas, shifts in microbial community structure could be an 

indicator of the biological effect of contaminants associated with military pollutants. 

Influence of explosives such as TNT, RDX and 2,4 DNT on microbial communities has 

been study in lakes (67), ground water (68), industrial soils (46), and military training 
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soils (50). Bhatt and coworkers (8) investigated microbial degradation of RDX in marine 

sediments from a coastal UXO field in the region of Oahu Island (Hawaii). In this study, 

microbial cultures from sediment samples mineralized up to 69% of RDX after 25 days 

of exposure. The methods used for accessing the bacterial groups within RDX-

enrichment treatments were the isolation of degrading bacteria, Denaturing Gradient Gel 

Electrophoresis (DGGE), and 16S rRNA gene phylogenetic analyses. Their results 

showed that members of gammaproteobacteria (Halomonas) and sulfate-reducing 

deltaproteobacteria (Desulfovibrio) were the most abundant populations. Marinobacter, 

Psudolaterobacter and Bacillus were also identified. 

 

 

Microbial community structure accessed by Terminal Restriction Fragment Length 

Polymorphism (T-RFLP) analysis 

Cultivation-dependent methods give insufficient insight into the dynamics of microbial 

communities, due to the artificial effect of media and selection of fast growing 

organisms. Culture techniques generally homogenize environmental conditions, therefore 

they do not recreate the natural gradients of nutrients, either the physicochemical 

conditions and the structure of natural environments. Moreover, the assessment of 

microbial diversity and abundance can be misleading if only cultivable microorganisms 

are identified, since it has been estimated that nearly 99% of naturally occurring microbes 

cannot be cultured (31). 
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Culture-independent methods using molecular biology provide the opportunity to monitor 

non-cultivable microorganisms allowing a more realistic approach of exploring microbial 

diversity and abundance from natural environments (31). At a glance, metagenomics 

allows the identification of all microorganisms in complex environments (i.e. forest soil) 

through sequencing of complete environmental genomes. However, when the principal 

objective of the study is to compare and identify changes on microbial community 

structure, metagenomics becomes very time consuming and extensive laborious, 

therefore community fingerprinting methods have been developed to carry out 

comparative analyses such as DGGE, TGGE and T-RFLP. Each of these methods uses 

the properties of the gene chosen as a molecular marker to obtain a complete community 

fingerprinting, therefore diversity of specific taxonomic groups can be accessed by using 

group-specific primers (i.e. 16S rRNA universal primers for bacteria) (56). 

T-RFLP is a variant of Restriction Fragment Length Polymorphism (RFLP) analysis. For 

T-RFLP fluorescent labeled universal primers (forward and/or reverse primers can be 

labeled) are used for PCR amplification of conserved regions, such as 16S rRNA genes. 

PCR products are then digested separately with several restriction enzymes and 

fragments are electrophoretically separated by size in an automated DNA analyzer. In 

RFLP all restriction products are detected, while in T-RFLP only the terminal fragment 

proximate to the labeled primer is detected by the sequencer and it is represented as a 

band. Complex samples will generate a profile with multiple bands, each band is graphed 

as a peak in an electropherogram, where the X-axis represents the sizes of the fragments 

and the Y-axis represents their fluorescence intensity. In a T–RFLP profile, each peak 

assumingly corresponds to one genetic variant or operation taxonomic unit (OTU), and 
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the intensity of the each band could be related to the relative abundance of each OTU in 

the sample, however caution has to be taken with this analysis since there are differences 

in rRNA gene copies among bacteria and the annealing selective effect of primers. The 

data obtained can be compared with data from in silico analyses of sequences in 

databases to infer the potential species composition of samples. 

 

Some limitations of T-RFLP technique are: incomplete restriction digestion, the fact that 

several groups of organisms may share the same T-RF, and reported discrepancies 

between observed and predicted T-RF fragment size associated with the sequencing 

technology (37). Discrepancies, principally associated to capillary sequencer, are related 

to the fact that a different fluorophor is used as an internal size standard, and this could 

affect electrophoretic mobility (6).  

 

Multivariate analyses in microbial ecology 

Initially, microbial ecologists used to analyze T-RFLP data based on visual inspection of 

profiles. Similarity between samples was evaluated by identification of shared profiles. A 

shift on microbial communities was identified when relative abundance of peaks changes 

or when new peaks were observed. Even though, the visual inspection is still very 

helpful, several multivariate analyses have been used for T-RFLP analysis that allow the 

evaluation of significant differences between samples profiles and the correlation of 

patterns with measured environmental parameters.  Statistical methods have been fully 

applied to summarize or describe the distribution and diversity patterns of plants and 

animals. Recently, microbial ecologists have applied multivariate analyses (i.e. 
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correspondence analysis, cluster analysis, principal component analysis) and statistical 

methods (i.e. ANOSIM) to test for significant differences between groups or clusters to 

explore large data sets and describe community diversity patterns.  

 

Multivariate analysis is a branch of statistics that focuses in the examination of numerous 

variables simultaneously. Its purpose is to treat multivariate data as a whole, summarizing 

the data and revealing their structure. Ordination is a common multivariate analyses used 

in microbial ecology. Its purpose is to simplify the interpretation of data sets by 

organizing entities along gradients, which are defined by combinations of interrelated 

variables. Usually, it helps to reveal the relationship between the species composition at a 

site and the underlying environmental gradients. The premise is that a few major 

gradients can explain much of the variability on the data set (45). 

 

Correspondence Analysis. Correspondence analysis (CA) is an ordination method that 

belongs to a set of procedures known as multidimensional scaling. Its procedure 

transforms similarities between samples or objects into distances and it represents them in 

a multidimensional space, maximizing the correspondence between samples and objects 

and determining the most influential parameters. It converts originally high-dimensional 

data set into dimensions small enough for visualization, resembling their original 

distances in the high-dimensional space. CA uses chi-square to standardize frequency 

values of cells in a contingency table and it displays the rows and the columns of a two-

way contingence table as points in corresponding low-dimensional vector spaces (49). 
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Scatter plot interpretation of CA is based on distance, so proximity between points 

(samples or OTUs) is a measure of similarity (20).   

 

CA has become a very popular method in microbial ecology allowing identification and 

understanding of microbial community composition and structure in different 

environments. It is generally applied to data obtained by fingerprinting techniques such 

as DGGE, ARISA and T-RFLP, to compare the correspondence between samples and 

OTUs and to determine whether patterns in microbial distribution could reflect 

differences in community composition (49). The proximity between sample and species 

points in the plot can be interpreted as the probability of occurrence of species in the 

sample or the probability of being more abundant than in other samples.  Also, the 

distance of points around the centroid (axe X=0, Y= 0) and the edges of the plot can be 

used to evaluate the contribution of each species to the ordination (41). 

 

CA has been applied in several studies to relate microbial community structure to specific 

environments, environmental processes, seasonal changes, specific substrates responses, 

and to evaluate long term effects of toxic carcinogenic substances. Ayala-del-Rio and 

coworkers (7) used T-RFLP and CA to demonstrate different community structures 

related to degradation rates of trichloroethene in fed-sequencing batch reactors, and they 

showed the selection of a stable community structure after long term exposition. Edlund 

and Jansson (18) used CA to link the identity and degradation activity of polyaromatic 

hydrocarbons by bacteria residing in Baltic Sea sediments.  

 



 29 

ANOSIM and SIMPER. Analysis of similarities (ANOSIM) provides a way to tests 

statistically whether there is a significant difference between two or more groups. It is a 

procedure analogous to analysis of variance (ANOVA), which tests previously defined 

groups against random groups in an ordinate space (15). The output statistic, RANOSIM, 

goes from 0 to 1, where RANOSIM = 0 means no separation or difference among groups or 

no difference between composition of community structure; RANOSIM <0.25 barely 

separated; RANOSIM >0.5 separated but overlapping; RANOSIM >0.75 well separated; while 

RANOSIM =1 indicates a complete separation (16). ANOSIM can be applied to groups 

formed after component analysis to test for significance. Several applications of 

ANOSIM to microbial ecology encompass testing for spatial differences, temporal 

changes, and environmental impact (49). Through Similarity Percentage (SIMPER) 

analysis is also possible to statistically identify the taxa that are primarily responsible for 

differences between the groups (15), therefore coupling ANOSIM to evaluate groups and 

SIMPER to identify organism responsible for the differences, can help us to identify key 

OTUs responsible for separation of groups. 
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MATERIALS AND METHODS 

 

Sampling  

Two sets of samples of 500 g of soil sludge and marine sediment were collected from two 

locations near former practices ranges at the Eastern Maneuver Area at Vieques, Puerto 

Rico (Fig. 4, bottom). This location was selected over previous sites (see preliminary 

work in Appendix A) due to easier access for sampling.  Samples were collected using 

wide mouth glass jars and stored at 4°C until further processing. At location 1 

(18˚09’26.22” N, 65˚23’03.28” W), sludge soil was collected in area where rainwater 

from training range 3 and 4 converges to (Fig. 4, A). A second sample was collected at 

Puerto Negro Beach (18˚09’15.86” N, 65˚21’45” W) near range 6 (Fig. 4, B). This 

marine sediment sample was collected from surface to 10-15 cm of depth and stored as 

previously described.  

 

Microcosms set-up 

To evaluate the effect of RDX and 2,4-DNT on microbial community for both ground 

soil and marine sediment samples, four different treatments (non amended, amended with 

explosives, amended with explosives and acetone, and autoclaved amended control), 

(Table 1) were prepared under two different conditions: sulfate reducing and oxygenic 

conditions. Aerobic microcosm slurries were prepared by mixing 1:1 of sample with a 

nitrogen free BLK medium (13). Soil samples were mixed with regular BLK medium, 

while marine sediments were mixed with 3.5% NaCl BLK. Slurries were homogenized 

with a stirred bar during a 6 h period. Aerobic microcosms were prepared by pouring 6 
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ml of slurry and 34 ml of medium into 100 ml serum bottles. Non amended control 

microcosms (SOIL and SED) were set up without addition of explosives or acetone as 

carbon source. Microcosms amended with explosives as carbon and nitrogen source 

(SOIL-RDX, SOIL-DNT, SED-RDX and SED-DNT) were prepared by first air-drying 

80 µl of 1000 ppm of 2,4-DNT or RDX in acetone into serum bottles, after which the 

slurry and the medium were added. Microcosms amended with explosives and acetones 

as carbon source (SOIL-RDX/Ac, SOIL-DNT/Ac, SED-RDX/Ac and SED-DNT/Ac) 

were prepared as explosive ammende microcosms but acetone was not evaporated. 

Abiotic control microcosms (SOIL-KILL-RDX, SOIL-KILL-DNT, SED-KILL-RDX 

AND SED-KILL-DNT) were prepared by triple autoclaving the serum bottles with slurry 

and media at 121°C for 20 min. After a last cooling to room temperature, 2,4-DNT or 

RDX diluted in acetone was added. Three replicates were set for each treatment and all 

microcosms were sealed with teflon-coated sterile rubber caps and aluminum seals.  

 

The slurry and media under anaerobic sulfate reducing were prepared as described 

before, but BLK medium was amended with 30 mM lactate serving as electron donor and 

45 mM sodium sulfate serving as electron acceptor (11). Microcosms were prepared by 

mixing 3 ml of slurry and 17 ml of BLK sulfate reducing medium into 40 ml serum 

bottles, additionally a sterile iron nail was introduced into the bottle to evidence sulfate 

reducing conditions. Smaller volumes and 15 vial replicates for each treatment were 

prepared in order to sacrifice a set of three replicates at each time point sampling; this to 

avoid change in electron acceptor conditions and/or vial pressure. Anaerobic microcosms 

were set as described for aerobic microcosms but a previous incubation time (2 to 3 
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weeks) was done before explosive addition. Once sulfate reducing conditions were 

observed (black sulphide deposit on the nail), 40 µl of 1000 ppm 2,4-DNT or RDX in 

acetone solution was added to the microcosms using a sterile syringe. Microcosms were 

sealed with blue butyl rubbers stoppers and aluminum seals and incubated statically at 

30˚C.  

 

Biodegradation of RDX and 2,4-DNT   

For all microcosm treatments, triplicates of 800 µl sub-samples were collected at time 

intervals of 0, 2, 4, 8, 16 and 32 days. Two of the subsamples were processed 

immediately for chemical analysis while the other set was stored at -80ºC. For sampling 

anaerobic microcosms, vials of each treatment were sacrificed and processed, while for 

aerobic treatments, same vials were sampled several times. Explosive extraction was 

performed by mixing 1:1 sample and acetonitrile, followed by a 18 h shaking, then 

samples were centrifuged 5min at 14,000 g and the supernatant was collected in a 2 ml 

vials. RDX and 2,4-DNT were quantified by Gas Chromatography (GC) using 1 µl of 

sample injected into a Restek capillary column, RTX-5 (15 m x 0.25 mm ID x 0.25 µm 

df) and by High Pressured Liquid Chromatography (HPLC), using an Agilent 1100 series 

HPLC UV/VIS detector. Nitrite concentrations were determinate by colorimetric reaction 

using a small-scale nitrite assay (57). 
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Bacterial isolation  

Aliquots of 100 µl from amended microcosms were platted on BLK solid media with 

XAD-7 resin (47) amended with 20 to 200 µM 2,4-DNT  or RDX and incubated at 30°C 

for 7 days. Each morphotype was serially transferred three times to fresh solid BLK 

media. For selecting explosive degrading bacteria, the growth of each morphotype on 

BLK media with and without explosive was compared while 2,4-DNT mineralization was 

evaluated through nitrite production in axenic cultures.  

 

DNA extraction and PCR amplification of 16S rRNA genes  

DNA was extracted from 800 µl sub-samples using Q-biogene FastDNA® SPIN Kit for 

soil, and from pure bacterial using Q-biogene Fast DNA Kit. Polymerase Chain Reaction 

(PCR) reactions for 16S rDNA bacterial genes were amplified using a nested PCR. First 

PCR was performed with primer pair 8F (5'-AGAGTTTGATC CTGGCTCAG-3) and 

1492R (5'-GGTTACCTTGTTACGACTT-3'), and then 1µl of a 1:50 dilution of PCR 

product was used as template for the second PCR using primer pair 519F (5’-

CAGCMGCCGCGGTAATWC-3’) and 1392R (5’-ACGGGCGGTGTGTRC-). For a 

PCR reaction approx. 100 ng of DNA template, 5µl of GoTaq polymerase 5X buffer, 2.5 

µl of 25 mM MgCl2, 0.5µl of dNTPs (10mM each), 1.0 µl of each primer (50 pM/µl), and 

0.2 µl of GoTaq polymerase enzyme (Promega®) were used in a 25 µl reaction volume. 

The following steps were employed: 1 cycle at 95°C for 5min; 35 cycles, each consisting 

of 94°C for 1.5min, annealing at 52.6°C for 0.5min, and 72°C for 1min; and a final 

extension of 72°C for 5min. PCR reactions were performed in a MJ Minitm Personal 
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Thermal Cycler (BIO-RAD). The amplification products were visualized in 1% agarose-

gel electrophoresis with ethidium bromide, which were run at 90 V for 30 min and 

observed using an ultraviolet transilluminator. 

 

Terminal Restriction Fragment Length Polymorphism of 16S rRNA amplicons  

For T-RFLP, primer 519F was labeled with Infra Red Dyes IR700 (LI-COR, Lincoln, 

NE). PCR products were separately digested with the following enzymes: MspI, HaeIII 

and RsaI. Each digestion reaction consisted of 1.5 µl of 10X reaction buffer, 1 unit of 

each restriction enzyme, 12 µl of PCR product and 10 µl of double distilled water 

(ddH2O) for a total reaction volume of 25 µl. The digestions were incubated at 37°C for 

4h followed by 10min at 72°C to inactivate the enzymes and a 4°C final step.   

 

An aliquot of 2 µl of restriction product was mixed 1:1 with IR2 stop solution (LI-COR, 

Lincoln, NE) and 1 µl was electrophoresed in a LI-COR Biosciences NEN®DNA 

Analyzer Model 4300 (LI-COR, Lincoln, NE). The acrylamide gel was prepared to a 

final concentration of 5.5 % by mixing acrylamide gel matrix (KBPlus-LICOR) with BT 

buffer, adding 150 µl of 10 % ammonium per-sulfate and 20 ml of 15% of TEMED. The 

samples were denatured at 95 ºC for 5 min and kept at 4ºC until loading the gel. A gel 

pre-run consisted in a run of 20 min with 1X buffer (KBPlus-LICOR) with the following 

parameters: 1,500 V voltage, 40mA current, and 40W of power . After pre-run, 1µl of 

each denatured sample was loaded and the gel was run for 3h using the same pre-run 

parameters. A KBPlus-LICOR molecular sizing standard of 50-700 bp was used. T-RFLP 
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profiles were obtained and band analysis was performed using Gel-Pro Analyzer 4.5 

(Media Cybernetics, Silver Spring, Maryland, USA). 

 

Terminal Restriction Fragment Length Polymorphism (T-RFLP) analysis 

The analysis of T-RFLP profiles was performed using two scripts written on CLisp 

(Haible et al., 2005): PEAKS for determining real peak bands and BINNING for possible 

aggregation of peaks as the same OTU (Appendix B). Final binned matrix was used to 

compare microbial communities from different samples. Matrix was exported to 

Paleontological statistics package ver. 1.79 (PAST) (28), which includes analyses such as 

CA, ANOSIM and SIMPER. Scatter plots generated by CA were used to identify 

grouping of T-RFLP microbial community profiles, while ANOSIM was used to evaluate 

these groups. In order to identify the relations between different treatments, ANOSIM 

was separately calculated for aerobic and sulfate-reducing microcosms. Similar size 

bands or peaks in T-RFLP profiles were used as OTUs and its relative abundance as a 

measure of OTU quantity. Morisita index previously used for T-RFLP comparison (54) 

was chosen as the similarity measured between groups.   

 

SIMPER analysis was used only for those microbial communities distinguishably 

separated from non-amended control (based on ANOSIM) and OTUs primarily 

responsible for these differences between microbial communities were identified. 

Taxonomic inference of T-RFLP OTUs was done trough in-silico analysis of clone 

sequences. 
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Cloning of 16S rRNA gene and sequencing 

Nested PCR product using 1392R/519F primer pair from SOIL (day 8) and SOIL-DNT 

(day 8) were used to construct two clobe libraries, A molar ratio of 3:1 PCR product to 

vector was cloned using pGEM (R)-T Vector System (Promega) as described by the 

manufacturer. Positive clones were identified by white/blue selection in Luria Bertani 

agar with 100 µg/ml ampicillin, 0.5 mM IPTG, and 80 µg/ml X-Gal (LB/Amp/IPTG/X-

gal). White colonies were picked and transferred to 10 µl ddH2O, an aliquot was streaked 

onto LB/Amp/IPTG/X-gal for its isolation and then the remnant was heated to 100°C for 

10 min, centrifuged at 16,000 g for 5 min, and 1 µl was used as DNA template in colony-

PCR using vector primer pair T7 and SP6. PCR reactions were performed as described 

and analyzed before, except for annealing temperature, which was 52°C. Positive clones 

were grown in 5ml of LB liquid media and plasmid extraction was performed using 

Wizard® Plus SV Minipreps DNA Purification System (Promega) as described by the 

manufacturer. The DNA concentration of plasmid isolation was measured 

spectrophotometrically at 260 nm and inserts were sequenced using SP6 vector primer 

using the services of the High-Throughput Genomics Unit (HTGU) at the University of 

Washington.    

 

Sequence and phylogenetic analysis  

Clone sequences were analized using Basic Local Alignment Search Tool (BLAST) from 

the National Center for Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov/BLAST). The phylogenetic relationships among clones 

from SOIL (day 8) and SOIL-DNT (day 8) libraries, were determined by constructing 
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phylogenetic trees. Sequence edition was done manually using BioEdit Sequence 

Alignment Editor (27), for this vector sequences were deleted and sequences that were 

inserted in a reverse orientation during pGEM cloning, their reverse-complement 

sequences were used. Reference sequences were obtained by submitting clone sequences 

in Sequence Match tool (rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp) at the 

Ribosomal Data Project (RDP), which found 495 nearest neighbors (Appendix E). 

ClustalW program (62) was used to perform two alignments, one with related organism 

and clone sequences containing the 519F primer sequence and the other with related 

organism and clone sequences containing the 1392R primer sequence. Even though all 

clone sequences overlapped, only 180 characters were shared between the ones 

containing the 519F and the 1392R primer sequences; for this reason sequences were 

split and analyzed in separate trees, which were constructed using Neighbor-joining (NJ) 

method included in the MEGA version 3.1 software (39) using 1,000 replicate trees. The 

first tree (519F) was composed of 27 sequences and the second tree (1392R) of 42 

sequences. In order to further identify some clone sequences with ambiguous 

phylogenetic relations, additional reference sequences of related organisms were included 

to construct other five phylogenetic trees. Types of trees performed to identify each of 

clones are resumed in Table 9 and the reference sequences included in each phylogenetic 

tree are in appendix E (List 3-7). 

  

For each clone library, clone sequences were subjected to unique genotype analysis using 

the PHYLIP package (21) and coverage analysis using ASLO program 

(http://www.aslo.org/lomethods/free/2004/0114a.html)(35) under the default parameters. 
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Each clone sequence library was aligned independently using ClustalW (62) and the aln 

files were used to construct a distance matrix using DNADIST (PHYLIP package) 

(http://evolution.genetics.washington.edu/phylip.html). Each DNADIST outfile was then 

used in DOTUR 1.53 software (53) applying the furthest-neighbor algorithm to assign 

sequences genotypes and calculate richness estimators and diversity indexes. 

 

In-silico T-RFLP analysis of clones 

Clone sequences were cut in-silico using BioEdit Restriction Map tool (27), to determine 

expected sizes of restriction fragments and to compare these fragments with the  

fragments generated by experimental T-RFLP, identification of sequences was 

determined looking for OTUs near the range (+/- 5pb) of the expected fragments (Table 

12)  
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RESULTS 

 

Biodegradation of RDX and 2,4-DNT   
Microbial transformation of RDX and 2,4-DNT was evaluated in microcosms under 

aerobic and anaerobic conditions. Levels of RDX and 2,4-DNT were monitored for 32 

days in all amended treatments. Chemical analysis of samples showed that the explosive 

extraction efficiency was affected characteristics of samples particles. The expected 

concentration of 2,4-DNT  and RDX in microcosms was 11 and 9µM (Appendix D), 

respectively, however quantification of explosives right after addition ranged from 7.8 to 

10.3µM for 2,4-DNT and 6.3 to 9.2µM for RDX. For marine sediments microcosms, 2,4-

DNT concentrations ranged from 5.8 to 7.6µM, while RDX varied between and 5.2 to 

6.9µM for RDX. This observation showed that the extraction of explosives on marine 

sediments is less effective that the observed for soil samples. 

 

RDX and 2,4-DNT levels were evaluated in soil microcosms under aerobic conditions 

(Fig. 5, A and B). Concentration of RDX in autoclaved controls (Fig. 5. A, SOIL-KILL) 

slightly changed (4.6 % decrease) along incubation. Different results were observed for 

amended biological treatments, for SOIL-RDX treatment, RDX concentrations decreased 

21 % in concentration (8.1 to 6.4 µM) after 32 days. In contrast, for SOIL-RDX/Ac 

treatments, RDX concentration decreased 100% (9.2 µM to non-detected levels) with a 

bigger decrement after day 4, and complete disappearance after 16 days. Production of 

nitrite was observed on SOIL-RDX treatment, however not evident decreased in 

concentration was observed.  On the other hand in 2,4-DNT amended systems, 



 40 

concentrations of 2,4-DNT on soil autoclaved microcosms  (Fig. 5 B) decreased 17.5 %  

(10.3 to 8.5µM) a long the test. In contrast, 2,4-DNT concentration in SOIL-DNT 

treatments decreased in 94.4 % (7.2 to 0.4µM), followed by and increment of nitrite from 

none detected to 17µM at day 16 (Fig. 5, C).  SOIL-DNT/Ac microcosms showed a 

similar decrease of 2,4-DNT, but without nitrite production.  

  

In addition, RDX and 2,4-DNT concentration was also evaluated in marine sediment 

microcosms under aerobic conditions (Fig. 6A and 6B). Concentration of RDX in abiotic 

control SED-KILL-RDX showed a decreased of 17.7 % (7.9 to 6.5µM); similar results 

were observed for SED-RDX microcosms, where concentration decreased 13.3 % (from 

6.5 to 5.7µM). In contrast, a 100% decreased of RDX was observed on SED-RDX/Ac 

microcosms (from 5.5µM to below detection levels by day 16). Therefore, the addition of 

acetone had a similar effect for RDX degradation in both soil and marine sediment 

microcosms. Moreover, Figure 5A and Figure 6A showed a very similar pattern, 

supporting the idea of a similar effect of the addition of an external carbon source. On the 

contrary, concentrations of 2,4-DNT on autoclaved marine sediments did not changed 

decreased along the experiment. Faster removal of 2,4-DNT was observed on SED-DNT 

and SED-DNT/Ac treatments when compared to its counterparts in soil microcosms (Fig. 

5B and Fig. 6B).  

 

In SED-DNT treatments, 2,4-DNT concentration decreased below detection limits within 

48 hours, however no nitrite production was detected. Concentration of 2,4-DNT in SED-
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DNT/Ac decreased to non-detectable levels, similarly to other acetone amended 

microcosms, not nitrite was produce (Fig. 6C). 

 

Under anaerobic sulfate reducing conditions, RDX and 2,4-DNT concentrations rapidly 

decrease in both soil and marine sediments. Initial concentration of explosives in soil 

microcosms were 10.36µM for SOIL-KILL-DNT, 4.73µM for SOIL-DNT/Ac, 6.40µM 

for SOIL-KILL-RDX and 8.55µM for SOIL-RDX/Ac. In the case of marine sediments 

were 6.28µM for SED-KILL-DNT, non-detected in SED-DNT/Ac, 6.90µM for SED-

KILL-RDX and non-detected in SED-RDX/Ac. Transformation processes of 2,4-DNT in 

SED-DNT/Ac and RDX in SED-RDX/Ac microcosms were extremely fast, and a 

complete transformation was observed as explosives were not detected at any time. In 

contrast, for other treatments from soil and marine sediments, the decrease of explosive 

concentration to non-detected levels took from 2 to 4 days. Abiotic transformation was 

also observed in both soil and marine sediments (SOIL-KILL -RDX, SOIL-KILL-DNT, 

SED-KILL-RDX and SED-KILL-DNT).  

 

DNA extraction and PCR amplification of 16S rRNA genes  

Total community DNA from microcosms samples was successfully extracted (Fig. 7). In 

order to determine the composition of microbial community by T-RFLP and cloning 

libraries, these DNA extractions were used as templates in PCR amplification of 16S 

rRNA genes using primer pair 8F and 1492R. In spite of evaluating several magnesium 

concentrations (2.5-5µM) and different annealing temperatures (50 to 55°C), no PCR 

amplification was obtained for any environmental sample, but positive amplifications 
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were always obtained when using genomic DNA from Burkholderia sp.  In order to 

remove PCR inhibitors, several dilutions of the environmental DNA were tested (1:10, 

1:15, 1:30, 1:50). A positive PCR amplification was achieved only with the template 

dilution 1:30, but the amplification product was weak and unspecific. In order to improve 

specificity and the PCR yield, a nested PCR strategy was implemented. First PCR 

amplification was performed using 1:30 template dilution and primer pair 8F and 1492R 

(using previously described PCR parameters except number of cycles were 25), then the 

PCR product was diluted to 1:50 and used as template for a second PCR using primer 

pair 519F and 1392R. This strategy yielded successful amplicons for all environmental 

DNA samples (Fig. 8). A similar approach was employed for 519F labeled primers 

(LICOR-IR800).  

 

Terminal Restriction Fragment Length Polymorphism (T-RFLP) analysis 

Correspondence analysis (CA) of T-RFLP. Microbial communities of aerobic 

microcosms from Puerto Negro (marine sediment) and Range (soil) were compared using 

CA (Fig. 10). Under static and aerobic conditions, the scatter plot showed a clear 

separation of distinct communities associated to the origin of the sample (Puerto Negro 

and Range sample) without overlapping communities, as shown by the 95% confidence 

ellipses. In contrast, microbial communities of these two sites, but incubated under static 

sulfate reducing conditions did show convergence (Fig. 11). It was observed that soil 

microbial communities had less variability than Puerto Negro marine sediment 

communities, as observed by the size of the 95% confidence ellipses.  
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Microbial community structure of soil microcosms was differentially affected by 

treatments (Fig. 12). Variability of data was explained by axis 1 and 2, accounting for 

15.61 and 11.3% of variability, respectively. Microbial communities of treatment SOIL-

RDX/Ac and SOIL-DNT/Ac were the most similar along the 32 days of incubation, their 

connecting lines intersected. SOIL-DNT was also very similar to SOIL-RDX/Ac at 0, 4 

and 32 days, however microbial communities at days 8 and 16 were different from other 

days and type of treatment. Soil non-amended microbial community structure showed the 

largest variability, most of it during day 0 and 4, after which (day 8, 16 and 32) 

communities became more similar grouping near to other treatments. SOIL-RDX 

communities grouped separately from the other treatments. 

 

For marine sediments microbial communities, different clustering groups were observed 

(Fig. 13). Variability of data was explained by axis 1 and 2, accounting for 8.56 and 

14.67% of variability, respectively. SED-RDX/Ac, SED-DNT and SED-RDX 

communities showed a small variability along the 32 days of incubation, grouping closely 

in the scatter plot around point 0. Moreover, communities tended to overlap, as observed 

by the connecting lines. Non-amended treatment had higher variability than the observed 

for the other treatments, day 0 point overlapped with SED-RDX/Ac, SED-DNT and 

SED-RDX, however after day 8 non amended communities diverged from the other 

treatments. Finally, EB-DNT scatter points had a high variability within the treatment, 

day 0 was distant from the other day points while day 8 and 16 were the most similar. 

Even though SED-DNT/Ac communities were very variable, they consistently clustered 

apart from the other treatments  
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Soil and marine sediment microbial communities grouped closely under sulfate reducing 

conditions (Fig. 11), Scatter plots from different treatments overlapped within samples 

(Fig.14). Non-amended soil (SOIL) and marine sediment (SED), also grouped with 

amended samples, however at day 0 points were very distant from the main clustering 

group, suggesting a possible effect of incubation on microbial selection. Microbial 

communities from SED-DNT/Ac day 16 grouped apart from the rest. 

ANOSIM. Analyses of similarities of soil aerobic microcosms (Table 2) showed that 

communities from different treatments overlapped but were clearly different (RANOSIM 

0.5543). Additionally, a contrast between treatments allowed the identification of a 

community shift. SOIL-RDX microbial community showed the biggest difference 

compared to non-amended (SOIL) treatment (RANOSIM 0.50), both treatments sharing 

community composition but were clearly separated. SOIL-DNT/Ac and SOIL-DNT were 

different to non-amended, but overlapped more with this than SOIL-RDX (RANOSIM 0.47 

and 0.40, respectively). 

SOIL-RDX/Ac communities were the most similar to non-amended (SOIL) with a 

RANOSIM value of 0.23. In contrast, SOIL-RDX communities were completely separated 

from SOIL-DNT, SOIL-RDX/Ac and SOIL-DNT/Ac (RANOSIM 0.85, 0.99 and 1.00, 

respectively). SOIL-DNT communities overlapped with non-amended treatment and 

SOIL-RDX/Ac (RANOSIM 0.37), but were completely separated from SOIL-RDX and 

SOIL-DNT/Ac (RANOSIM 0.85 and 0.81, respectively). SOIL-RDX/Ac communities were 

very similar to non-amended, SOIL-DNT and SOIL-DNT/Ac but were completely 

different to SOIL-RDX communities (RANOSIM 0.99). 
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Analyses of similarities of marine aerobic microcosms (Table 3) showed that 

communities from different treatments overlapped, but were not completely similar 

(General RANOSIM 0.4514). Therefore treatments on marine sediments compared to soil 

microcosms had a smaller effect on the microbial community. Non-amended (SED) 

microbial communities were very similar to SED-RDX, SED-RDX/Ac (RANOSIM 0.06 and 

0.23, respectively), but were clearly separated from SOIL-DNT and SOIL-DNT (RANOSIM 

0.70 and 0.62, respectively). SED-DNT and SED-DNT/Ac microbial communities were 

well separated from each other (RANOSIM 0.66), therefore the addition of a carbon source 

did affect the composition of the community. SED-RDX/Ac communities were barely 

separated from non-amended (SED) and SED-RDX (RASOSIM 0.23 and 0.22, 

respectively). Additionally, SED-RDX/Ac communities were overlapped, but different 

from SED-DNT and SED-DNT/Ac  (RANOSIM 0.72 and 0.66, respectively).  

 

Analyses of similarities of soil and marine sediments under anaerobic microcosms (Table 

4) showed that communities from different treatments overlapped, and they are scarcely 

separated (General RANOSIM 0.3036). Communities from the same sample did not show a 

clearly effect of treatments. Non amended SOIL communities were hardly separated from 

SOIL-RDX/Ac, SOIL-DNT/Ac and non amended SED  (RANOSIM 0.24, 0.16 and 0.19, 

respectively). SOIL-RDX/Ac and SOIL-DNT/Ac communities were almost identical 

(RANOSIM 0.003). Non amended SED communities were also highly similar to ones from 

SED-RDX/Ac and SED-DNT/Ac (RANOSIM 0.20 and 0.08, respectively). In general, 

bigger differences were observed between amended treatments, (SOIL-RDX/Ac, SOIL-
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DNT/Ac, SED-RDX/Ac and SED-DNT/Ac),  compared to the high overlapping non-

amended treatments (SOIL and SED). SOIL-RDX/Ac and SOIL-DNT/Ac communities 

were well separated to SED-RDX/Ac (RANOSIM 0.73 and 0.75, respectively), and 

overlapped but different to SED-DNT/Ac (RANOSIM 0.43 and 0.46, respectively).  

 

SIMPER. After ANOSIM analysis, more dissimilar treatments to non-ameneded 

treatments were evaluated using SIMPER. The analysis was performed to determine the 

contribution of individual OTUs to dissimilarity, fragments were identify as follows 

R=RsaI , M=MspI  and H=HaeIII .  SIMPER analysis was not conducted for anaerobic 

microcosms since anaerobic microcosms tend to cluster together independently of the 

explosive addition. Treatments were contrasted using OTUs from T-RFLP profiles from 

day 4 to 32 in the following order: SOIL vs. SOIL-RDX, SED vs. SED-DNT/Ac, and 

SED vs SED-DNT/Ac. As a result several OTUs were identified as the responsible for 

dissimilarity among each comparison (Tables 2, 3 and 4). 

The comparison of communities between non-amended soil (SOIL) and amended with 

RDX (SOIL-RDX) communities (Table 5) showed an enrichment of several OTUs 364-

365-R, 202-205-M, 112-115-H, and 363-R OTUs in the RDX amended systems. In 

contrast, a decreased on 366-369-R, 221-224-H, 335-338-R, 374-377-H and 371-374-R 

OTUs was observed in the RDX amended systems. When marine sediment communities 

from non-amended treatments (SED) and 2,4-DNT amended treatment (SED-DNT) was 

contrasted (Table 6), enrichment of 641-645-M, 212-215-H, 366-369-R, 95-98-M, 229-

232-R and 304-307-R OTUs was found in amended treatment. Less abundant OTUs in 

amended communities comprised 646-650-M, 359--362-R, 374-377-H, 137-140-R and 
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410-414-H. Finally, when non-amended marine sediment communities SED and SED-

DNT/Ac were contrasted (Table 7), an enrichment of 366-369-R, 370-373-H, 384-387-R, 

95-98-M, 355-358-R, 425-429-H and 229-232-R OTUs was observed in SED-DNT/Ac, 

while decrease of 374-377-H, 137-140-R, 359-362-R, 646-650-M OTUs was observed.  

 

Cloning of 16S rRNA gene and sequencing 

Microbial communities T-RFLP profiles coupled with clone library analysis were used to 

identify potential OTUs. A total of 42 sequences were obtained for non amended (SOIL 

day 8) library, while 37 sequences were obtained for SOIL-DNT day 8) library. 

Weblibshuff was used (http://libshuff.mib.uga.edu/) to quantify the coverage of libraries 

and determine significant difference between the compositions of their bacterial 

communities (Table 8). The results showed a coverage of 38% for SOIL-DNT (day 8) 

library and 31% for SOIL (day 8) library. webLIBSHUFF was also used to compare 

SOIL-DNT (day 8) and SOIL (day 8) libraries, a p-value of 0.290 was obtained for the 

first comparison and p-value of 0.713 was obtained for the reciprocal comparison. 

 
Sequence and phylogenetic analysis  

Microbial communities TRFLP profiles coupled with clone library analysis were used to 

identify potential OTUs. A total of 42 sequences were obtained for non amended (SOIL 

day 8) library, while 37 sequences were obtained for SOIL-DNT (day 8) library. 

Weblibshuff was used (http://libshuff.mib.uga.edu/) to quantify the coverage of libraries 

and determine significant difference between their bacterial composition (Table 8). The 

results showed a coverage of 38% for SOIL-DNT (day 8) library and 31% for SOIL (day 

8) library. Weblibshuff was also used to determine if there was significant differences 



 48 

between SOIL-DNT (day 8) and  SOIL (day 8) libraries. Two p-values were found, the 

first p-value of 0.290 was obtained when SOIL-DNT was compared to SOIL, and the 

second p-value (0.713) was obtained when the reciprocal contrast SOIL and SOIL-DNT 

was performed. This result suggests lack of significant differences between the 

communities. 

 

Sequence and phylogenetic analysis  

Phylogenetic assignments of clone sequences were based on its inclusion or closeness to 

reference organism clades. Two NJ trees were built (Fig. 18 and 19) based on the insert 

sequencing direction, as described in Materials and Methods.  Based on these trees, 

phylogenetic assignments were established for clones B5, B6, B8, B9, B10, B12, B19, 

B20, B21, B22, B25, B26, B27, B28, B30, B31, B33, B37, B40, B41 and B44 from SOIL 

(day 8) library and clones A2, A12, A14, A15, A16, A19, A20, A25, A27, A31, A34, 

A35, A36, A37, A42, A43, A47, A48 from SOIL-DNT. However, in order to unveil the 

phylogenetic relations of clones A23, B16, B24, B11, and A33 a new phylogenetic 

analysis was performed (Fig. 45 and 50) including more reference sequences from the 

phylum Firmicutes, one representative sequence from each genus for a total of 96 

sequences (List 3). For clones A30, B18, B21, B23, B33, A17, A22, B15, B32, and B47, 

a new phylogenetic analysis was done including more reference sequences from the class 

beta-proteobacteria (List 4) to determine at which order they were more related to (Fig. 

45, 46 and 47). A new analysis for clones A7, B42 and A27 was performed including 

more reference sequences from the class delta-proteobacteria (Fig. 30 and 31). In order to 

identify clones A28, A4, A8, B1 and B48 a sub set including the most related organisms 
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from Sphingobacteria class was used to identify the clones.  Finally, in an attempt to 

relate clone B34 to known sequences, a new phylogenetic tree was performed including 

its BLAST hit sequences (List 7). Phylogenetic trees and zooms of branches that support 

the identification of clone sequences are shown in Figures 18 to 51.  

 

Sequences were grouped by class, order and phylum, and their relative abundances were 

calculated (Fig. 17). In some cases, clone sequences could be assigned within a class or 

order (Table 11 and 10), however, clones A41, B31 and B34 could not be certainly 

assigned to one phylum and they were only identified as part of the Bacteria super-

kingdom. Clones from SOIL-DNT and SOIL libraries are distributed consecutively as 

follows: phylum Firmicutes 7% and 8%, phylum Bacteriodetes 10% and 5%, phylum 

Proteobacteria 80% and 79%, and non-assigned phylum 3% and 5%.  It was observed 

that Proteobacteria is the most abundant phylum in both clone libraries, and its relative 

abundance was very similar. However, the composition or each class within the 

Proteobacteria phylum showed differences. In SOIL-DNT and SOIL, beta-proteobacteria 

accounted for 71% and 67 %, alpha-proteobacteria 3% and 16%, and delta-proteobacteria 

10% and 3%, respectively. Additionally, the beta-proteobacteria class showed big 

changes in the compositions of orders. Distribution of SOIL-DNT and SOIL clones into 

beta-proteobacteria orders was observed as follows: Burkholderiales 44% and 29%, 

Rhodocyclacles 0% and 8%, Neisseriales 3% and 8%, and non- order assigned 20% and 

16%, respectively.  
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In-silico T-RFLP analysis of clones 

Results showed that all of the generated fragments were also present in the T-RFLP (Fig. 

16), thus validating T-RFLP profiles. Sequences from the Comamonadaceae family 

generated particular size fragments of 226 pb for HaeIII, 96 pb for MspI, and 373 and 

140 pb for RsaI. Together, these fragments can be related with the presence or absence of 

these organisms on the T-RFLP profiles. Interestingly, the relative abundance of these 

expected fragments was also higher in T-RFLP profiles from SOIL-DNT system at day 8 

(Fig. 16), 221-222-223-224-H OTU for the 226 bp fragment, 95-87-98-M OTU for the 96 

bp and 364-365-366-367-368-369-R OTU for the 373 fragment and 137-138-139-140-R 

OTU for the 140 pb fragment.  
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DISCUSSION 

 

Biodegradation of RDX and 2,4-DNT   

Microbial degradation of explosives was explored using nitrite production and substrate 

depletion as evidence of mineralization. For RDX degradation, lack of mineralization 

products suggests possible abiotic process responsible for lower levels of RDX. Instead, 

RDX addition to microcosms was evaluated in terms of its effect on microbial diversity 

and community structure.  

 

In the case of 2,4-DNT, depletion of explosive levels could be linked to the 

stoichiometric production of nitrite as mineralization evidence. Degradation of 2,4-DNT 

was observed in SOIL-DNT aerobic microcosms (Fig. 5, B and C), where a concentration 

decreased in concentration was coupled to nitrite production. Production of nitrite (17 

µM at day 16), nitrite production was nearly stoichiometric. Even though a smaller 

concentration of nitrite was expected (13.6 µM), this disparity on nitrite concentration 

could be explained by binding properties of soil, which could absorb or covalently bind 

2,4-DNT to humic material. Therefore this abiotic process could diminish the initial 

extractable concentration but releasing it slowly later in the experiment.  

 

Furthermore, nitrite production in SOIL-DNT microcosms must be related to 2,4-DNT 

addition because no production was observed in the biotic controls microcosms (SOIL), 

(Fig. 5, C). These results suggest that native microbial community from soil sample 

(Range 3 and 4) has the metabolic capability to degrade 2,4-DNT under aerobic 
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conditions, however further evidences are needed to confirm the origin of nitrite using 

quantitative techniques coupled with radiolabel nitrogen.  

 

Decrease of 2,4-DNT to non-detected levels was also observed in SOIL-DNT/Ac, SED-

DNT/Ac and SED-DNT aerobic microcosms, but nitrite was not produced (Fig. 5 and 6, 

B). Therefore, decrease in 2,4-DNT concentrations in this microcosms could be explained 

by transformation processes, such as the reduction of  2,4-DNT to forms like 2,4 DAT 

(diaminotoluene) and AMT (aminotoluene) (14). 

 

Other possible reason that supports 2,4-DNT transformation is that high concentrations of 

carbon (as in the acetone amended microcosms) can also block DNT degradation 

pathways and favor co-metabolic transformations. The available carbon source stimulates 

growth of microorganisms, reducing oxygen concentration,  inhibiting the function of 

oxygenases (involved in 2,4-DNT degradation pathways) and promoting 2,4-DNT 

unspecific transformation (47).  

 

Finally, the decreased of 2,4-DNT can be due to polymerization of amino an nitroso 

forms of 2,4-DNT. Recent studies in marine sediments have shown that 2,4-DNT 

concentrations can be reduced with out mineralization by the formation of azo and 

hydrozo-polimers that irreversible bound sediment particles (71), so it is likely that this 

process is the responsible for 2,4-DNT decreased in SED-DNT/Ac and SED-DNT 

microcosms.  
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Decrease of RDX concentration was observed in aerobic static microcosms amended 

with acetone as a carbon source (SOIL-RDX/Ac and SED-RDX/AC). Degradation was 

more evident at day 4 for soil, and at day 8 for marine sediments (Fig. 5 and 6, A). Visual 

inspection of microcosm slurries evidenced the change of soil color to a darker gray color 

attributed to anaerobic conditions. Stoichiometric calculations of acetone as an electron 

donor, support total consumption of Oxygen in the serum bottle headspace (Appendix E). 

Decrease of oxygen levels favors anaerobic mechanisms of RDX degradation, such as 

chemical transformation and nitroreductases mediated .degradation.  

 

In aerobic treatments SOIL-RDX and SED-RDX, no degradation of RDX was observed 

(Fig. 5 and 6, B). In contrast, when RDX was added to anaerobic microcosms, the 

explosive was rapidly degraded in both autoclaved (SOIL-KILL-RDX and SED-KILL-

RDX) and biotic (SOIL-RDX and SED-RDX) microcosms. However, RDX 

concentration decreased faster on biotic than autoclaved systems, then biological activity 

stimulates faster decrease of RDX concentration in sulfate reducing conditions. 

 

Terminal Restriction Fragment Length Polymorphism analysis 

Correspondence Analysis of T-RFLP. In order to understand the effect and fate of 

explosives on military activity sites, laboratory microcosms should resemble microbial 

communities on the original samples. Static aerobic conditions for microcosms simulate 

best the natural environment, preserving the overall microbial structure. As observed in 

the correspondence analysis the microbial community structure did not change in a time-

dependent pattern (Fig. 10), instead aerobic treatments showed clustering of same 
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treatment communities, evidencing the differential effect of treatments. These results 

contrast with the clustering patterns observed in the correspondence analysis of the 

preliminary study performed under shaking conditions (Appendix A). Preliminary 

analysis showed an overlap of microbial communities from different origin in a time-

dependent pattern were the Axis 1 on the scatter plot was representative of temporal 

distribution of samples (Fig. A1). These results suggest that shaking conditions had a 

bigger effect homogenizing microbial communities than sample origin and treatment 

(Fig. A2). Shaking conditions affect spatial structure of microbial community, destroy 

natural gradients and decrease microbial diversity (34). Therefore, shaking conditions are 

not suitable to address the effect of explosives in natural microbial communities.  

 

Correspondence analysis of all aerobic microcosms from soil and marine sediment 

showed a clear separation of communities by origin of sample. This relationship of 

clearly distinctive communities was observed by plotting confidence ellipses (95%) on 

the scatter plots (Fig. 10); in addition, the area of both confidence ellipses was similar in 

size, thus similar community variability was observed for Puerto Negro and Range 

sediments. These results suggest that static aerobic conditions affected equivalently soil 

and marine sediment microbial communities under aerobic conditions. In contrast, when 

correspondence analysis of anaerobic soil and marine sediment microcosms was 

performed (Fig. 11), the 95% confidence ellipses overlapped. This suggests that under 

sulfate reducing conditions, certain populations common in both samples are selected 

and/or inhibited favoring the convergence of both microbial communities. However, 

sulfate-reducing conditions differentially affected both samples. Soil microcosms 
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exhibited less variability (smaller confidence ellipse area) than the one observed for 

marine sediments. Differences on confidence ellipses of soil and marine sediment 

samples could be an indicator of a more cohesive and constrained microbial community 

on soil samples, and thus the bigger variability in marine sediments suggest a more 

diverse community response to sulfate reducing conditions in the marine environment.  

 

Distances between treatment and non-amended control scatter points helps to elucidate 

the effect of treatments on microbial community. In addition, it is important to determine 

overall variability (confidence ellipses) within each treatment and how they compare to 

the non-amended systems. Correspondence analysis of all different treatments showed 

that non-amended communities have a bigger variability than the observed in amended 

systems. Bigger variability of microbial communities can be interpreted as a higher 

intrinsic diversity. In contrast, scatter plots from amended communities grouped more 

closely, which suggest that the addition of explosive tended to decrease the variability 

and diversity of microbial communities. Reduction in microbial diversity has been 

previously observed in pristine soils amended with TNT (23). 

 

Correspondence Analysis shows that separation between scatter points of SOIL-DNT 

treatments indicate how microbial community change trough time as consequence of 2,4-

DNT addition. It is observed that day 8 and 16 group separately from day 0, 4 and 32. 

Interestingly, these results coupled with the evidence of degradation at day 8 and 16, and 

showed a reestablishment of microbial community resembling the original community at 

day 0 (before 2,4-DNT addition). 
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ANOSIM. The analysis of similarities was performed to determine similarities of 

microbial community structure between amended and non-amended treatments. 

Similarities and thus differences were established using the RANOSIM Values. A bigger 

difference between the control and the amended treatment was interpreted as a stronger 

effect of treatment on the microbial community structure. Consequently, small 

differences between amended and control treatments reflect little changes on microbial 

community structure. Relations between treatments of aerobic and anaerobic microcosms 

(Table 2, 3 and 4) were graphically summarized for a better identification of microbial 

community changes (Fig. 15).   

 

ANOSIM (Aerobic soil amended with RDX). Under aerobic conditions, non-amended 

soil microbial communities were the most different to SOIL-RDX communities, and 

therefore, addition of RDX without a carbon source strongly affected the initial 

community (RANOSIM = 0.50). RDX concentration on this microcosm was constant during 

the experiment, acting as a persistent contaminant. Additionally, total separation of 

SOIL-RDX community was observed when compared to other amended treatments (Fig. 

15, A).  

 

ANOSIM (aerobic soil amended with DNT). Addition of 2,4-DNT with acetone as 

carbon source (SOIL-DNT/AC) drove a shift in microbial community (RANOSIM =0.47) to 

a different but still overlapping one. Due to the lack of mineralization evidence in SOIL-

DNT/Ac (no nitrite production) (Fig. 5), it is possible that 2,4-DNT had persisted in soil 
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as a reduced form (as expected under anaerobic conditions) partially affecting the 

composition of microbial community. However, this effect cannot be attributed to 

anaerobic conditions, because SOIL-RDX/Ac microbial community, that also seems to 

turn anaerobic, was very similar to non-amended SOIL community (RANOSIM = 0.23). 

SOIL-DNT treatment with nitrite production, showed that the addition of 2,4-DNT 

without a carbon source also impacted the microbial community (RANOSIM = 0.40); the 

change observed in this community can be related to the inhibition of populations, but 

also to the selection of degraders that could mineralize 2,4-DNT.  SOIL-DNT community 

was more similar to SOIL (control) than previous treatments (SOIL-DNT/Ac and SOIL-

RDX), this smaller effect is could be related to the non-persistence of explosive in the 

environment. Based on the results, a RDX release on Vieques soils under aerobic 

conditions will have a bigger impact on microbial community than a release of 2,4-DNT 

under these same conditions. 

 

ANOSIM (aerobic marine sediments amended with RDX).  A different effect of 2,4-DNT 

and RDX addition was observed in microbial community of the marine sediments (Fig. 

15, B). Communities from RDX-amended systems were the most similar to non-amended 

systems. Persistence of RDX on marine sediments did not seem to affect the structure of 

the community, since SED-RDX microbial community (non-acetone added), which did 

not show any RDX degradation, was the most similar and almost identical to the non-

amended system (RANOSIM= 0.06). In contrast, SED-RDX/Ac system, which did show 

RDX degradation, was less similar but still barely separated to non-amended system 

(RANOSIM=0.23). This effect was opposite to the one observed for soil microcosms, for 
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which the microcosms that presented degradation were more similar to the control, 

probably by the disappearance of the toxic substance. Interestingly, both RDX-amended 

communities (SED-RDX/AC and SED-RDX) were also very similar between them 

(RANOSIM=0.22). This could be explained by the type of soil particle that could has a 

strong capability to resist changes, possibly by binding some molecules, as RDX, and 

reducing their bioavailability. However, some organic substances, as acetone, can change 

explosive solubility (61), and it is suggested that acetone could had changed the solubility 

of RDX in marine sediment microcosms, so despite of RDX degradation in acetone-

added microcosms, higher solubility of RDX could increased the bioavailability an thus 

had a bigger effect on microbial community that the treatment without acetone. 

  

ANOSIM (aerobic marine sediments with DNT). Communities from 2,4-DNT systems 

were the most dissimilar to non-amended communities. SED-DNT/Ac and SED-DNT 

communities were separated but slightly overlapped with SED communities 

(RANOSIM=0.62 and RANOSIM=0.70, respectively). These results suggest that different 

explosives affect differently the marine samples, and it can be predicted that RDX will 

have a minor effect on the native microbial community than exposure to 2,4-DNT.  

 

ANOSIM (anaerobic systems).  Under sulfate reducing conditions, communities from 

amended and non-amended systems were almost totally overlapped (Fig. 15C). High 

overlapping communities were also evident by the ANOSIM R value for all anaerobic 

communities (RANOSIM = 0.3036). Under sulfate-reducing conditions 2,4-DNT and RDX 

underwent a rapid decreased in concentration, it is believed that 2,4-DNT is reduced to 
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amino forms while RDX becomes unstable a rapidly degrades. This decreased was also 

observed in abiotic systems, suggesting that the released of explosives on a sulfate 

reducing environment will not affect microbial community structure in the same extend 

that it was observed for aerobic systems. Sulfate reducing condition in marine sediments 

are likely to be found near shores as in Puerto Negro, were the continuous input of 

organic matter decreased the amount o dissolved oxygen, stimulating the used of sulfate 

as an electron acceptor (65). 

 

Cloning of 16S rRNA gene and sequencing 

Samples used in clone libraries were selected base on the evidence of possible explosive 

mineralization. Day 8 was chosen over other days due to the evidence of an active 

mineralization process based on the 2,4-DNT disappearances and the near stochiometric 

production of nitrite. No significant difference was obtained when the two libraries 

(SOIL and SOIL-DNT) were compared to each other, by webLIBSHUFF analysis. This 

result agrees with the one obtained by ANOSIM analysis, which showed SOIL-DNT 

community was very similar to SOIL (control) (RANOSIM = 0.40). However, small changes 

in microbial community structure non-evident in the library comparison could be 

explained by the inhibition of minor populations and/or the idea that degraders were 

already abundant in the non-amended treatments and therefore not significant changes 

were observed. SOIL-DNT library (37 sequences) and SOIL library (42 sequences) had 

coverage of only 38% and 31% of total bacterial community respectively (Table 8), 

therefore a larger sequencing effort may reveal additional differences between their 

community structures. 
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Phylogenetic and SIMPER analysis. 

Phylogenetic assignment of clone sequences was carried out to explore SOIL and SOIL-

DNT community composition changes at day 8. Both libraries showed a similar 

composition percentage of major phyla, Firmicutes, Bacteriodetes and Proteobacteria 

(Fig. 17). However, when analyzing the relative abundance of classes and orders of 

Proteobacteria, community changes were observed. One important difference between 

the libraries was the percentage of alpha-proteobacteria changing from 16% in non-

amended to 3% in amended systems. This difference in alpha-proteobaceria abundance 

could be related to competitive displacement or as result of a detrimental effect of 2,4- 

DNT addition. BLAST best hits of the alpha-proteobacteria clones from SOIL library 

showed that B3 clone was more related to Azospirillum lipoferum (98% identity and 

100% coverage), B19 and B25 were related to Novosphingobium (98% identity and 99% 

of coverage), and B27 sequence was very similar to Methylobacterium (99% identity and 

100% coverage). Understanding the ecological role of these related organisms could 

reveal potential effects of 2,4-DNT at the former military ranges. For instance, 

Methylobacterium genus is known to produce phytohormones that can stimulate seed 

germination and plant development, Azospirillum genus is well known as nitrogen fixer 

essential in nitrogen cycle and Novosphingobium genus have been related to aromatic 

compound degradation. Then, release of 2,4-DNT could potentially inhibit microbial 

populations with key roles on the macro-biological ecosystem. 

 

Class beta-proteobacteria encompassed for the majority of sequences in both libraries. 

Comparison of the different orders within beta-proteobacteria class showed an increase in 
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relative abundance of Burkholderiales order, 44% in amended libraries (SOIL-DNT) 

versus 29% in non-amended systems (SOIL) (Fig. 17). Phylogenetic analysis of clone 

sequences showed that most of the Burkhorderiales present in the amended libraries were 

related to the Comamonadaceae family (Table 10), These family encompasses metabolic 

diverse microorganisms with some genera previously associated to nitroaromaric 

degradation. Evidence of higher abundances of Comamonadaceae family was also 

observed in T-RFLP analysis from the same treatments as observed by in-silico 

restriction of clones. Interestingly, the results suggest that the fragments associated to 

Comamonadaceae family were also enriched in T-RFLP analysis, thus validating the use 

of T-RFLP supporting the idea of a positive selective effect of the Comamonadaceae 

family by the addition of 2,4-DNT to the soil microcosm. 

 

BLAST analysis of related cultured sequences revealed that most of these 

Comamonadaceae sequences in amended systems had a high similarity percentage to 

Variovorax genus, which contains several isolates related to nitroaromatic degradation. 

For example, Variovorax paradoxus has been found to degrade 2,4-DNT in a consortium 

with other organisms (58), in which 2,4-DNT was degraded to 4-methyl-5 nitrocathecol 

(4M5NC) coupled to nitrite production. Therefore, the use of T-RFLP and clone libraries 

provides key evidence of 2,4-DNT degradation and their link to microbial populations 

with the metabolic capability of degrading nitroaromatic compounds.  

 

Furthermore when comparing SOIL and SOIL-RDX communities by SIMPER, the OTUs 

previously identified as related to the degradation of 2,4-DNT,  are absent in the  SOIL-
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RDX.  Inhibition of populations associated to 2,4-DNT degradation by RDX  could be a 

problem in cases were both are release to the environment as co-contaminants,  therefore 

it could be hypothesize that the release of RDX and 2,4-DNT in soil aerobic environment 

could inhibit the 2,4-DNT degraders and thus interfere with natural attenuation. 
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CONCLUSIONS 

Marine sediment particles strongly bind explosives making them less available, this 

characteristic of sediment particles could contribute to the natural attenuation of the 

explosives in marine sediments.   

 

Input of organic matter into soil and marine sediments contributes to RDX degradation. 

High inputs of organic matter promotes anaerobic conditions were RDX is easily 

degradable. In the other hand, 2,4-DNT is reduced to amino compounds under anaerobic 

condition, these reduced forms are thought to polymerize and irreversible bind soil and 

marine sediment particles. 

  

Under aerobic condition indigenous microorganisms of Vieques have the metabolic 

capability of degrading 2,4-DNT producing near stoichiometric amounts of nitrite. 

Phylogenetic analysis of clone libraries and T-RFLP analysis suggest that these 

microorganisms are related to know 2,4-DNT degraders of the Comamonadaceae family 

and that increased when degradation was active. Interestingly, this is the first report of 

presence of 2,4-DNT degraders in environments not related to explosives manufacturing.  
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TABLES 
 
Table 1. General description of microcosms. 

 
Microcosm 

 

 
Treatment 

 
Treatment description 

 
Purpose of treatment 

BIOTIC 
CONTROL 

 
 

Biological 
control 

None of the 
explosives added. ( 

To contrast microbial 
community with amended 
microcosms and to follow 
nitrite production by intrinsic 
nitrogen sources. 
 

AMMENDED 
WITH 

EXPLOSIVE 
 

Amended 
with 2,4-
DNT or 

RDX  

2,4-DNT  or RDX as 
carbon and nitrogen 
source. 
 

To evaluate microbial 
community changes due to 
addition of explosives, and to 
determine nitrite production as 
product of 2,4-DNT 
mineralization  
 

AMMENDED 
WITH 

EXPLOSIVE  
AND 

ACETONE 

2,4-DNT or 
RDX  

+ Carbon 
source 

 2,4-DNT or RDX as 
nitrogen source and 
acetone as carbon 
source.  

To evaluate microbial 
community changes due to 
addition of explosives, when 
acetone was added as carbon 
source. To determine nitrite 
production as product of 2,4-
DNT mineralization  
 

ABIOTIC 
CONTROL 

Abiotic 
control with 
2,4-DNT or 

RDX 
+ Carbon 

source 

Sterile serum bottles 
amended with 2,4-
DNT  or RDX and 
acetone. 
 

To contrast with amended 
biological treatments to reveal 
biological degradation. 
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Table 2 Analysis of similarities (ANOSIM) among aerobic soil microcosms. 

 
Treatment  

 
CF 

(n/a) 
CL  

(RDX) 
CL 

(2,4DNT) 
EB 

(RDX) 
EB 

(2,4DNT) 

CF (n/a) - 0.50 0.40 0.23 0.47 

CL (RDX) 0.50 - 0.85 0.99 1.00 

CL(2,4DNT) 0.40 0.85 - 0.37 0.81 

EB(RDX) 0.23 0.99 0.37 - 0.32 

EB(2,4DNT) 0.47 1.00 0.81 0.32 - 
 
Similarities between treatments are calculated using Morisita Index. Mean rank within 74.76, mean rank 
between 151.2, general RANOSIM : 0.5543.  
 
 
Table 3 Analysis of Similarities (ANOSIM) between microbial communities of aerobic 
marine sediment microcosms. 

 
Treatment  

 
SED 

 
SED-RDX  

 
SED-DNT 

 
SED-

RDX/Ac 
SED-

DNT/Ac 

SED - 0.06 0.70 0.23 0.62 

SED-RDX 0.06 - 0.40 0.22 0.55 

SED-DNT 0.70 0.40 - 0.72 0.66 

SED-RDX/Ac 0.23 0.22 0.72 - 0.60 

SED-DNT/Ac 0.62 0.55 0.66 0.60 - 
 
Similarities between treatments are calculated using Morisita Index. Mean rank within 94.08, mean rank 
161. 8, general R ANOSIM : 0.4514.  
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Table 4 Analysis of Similarities (ANOSIM) between microbial communities of soil and 
marine sediment anaerobic microcosms. 
  Soil   Marine Sediment  

Treatment  
 
 

CF  
(n/a) 

EB 
(RDX) 

EB 
(2,4DNT) 

CF 
(n/a) 

EB 
(RDX) 

EB 
(2,4-DNT ) 

SOIL - 0.24 0.16 0.19 0.46 0.36 
SOIL-
RDX/Ac 0.24 - 0.03 0.51 0.73 0.43 
SOIL-
DNT/Ac 0.16 0.03 - 0.48 0.75 0.46 

SED 0.19 0.51 0.46 - 0.20 0.08 

SED-RDX/Ac 0.46 0.73 0.75 0.20 - 0.10 

SED-DNT/Ac 0.36 0.43 0.46 0.08 0.10 - 
Similarities between treatments are calculated using Morisita Index. Mean rank within 161.1, mean rank 
227.2, general R ANOSIM : 0.3036.  
 
 
Table 5 SIMPER Analysis of soil aerobic communities of CF and CL-RDX treatments. 
 
Taxon (OTUs) 
 

Contribution 
 

Cumulative 
% 

Mean 
S-CF 

Mean 
S-CL-R 

364-365-R 6.016 14.05 0 36.1 

366-369-R* 3.284 21.73 19.7 0 

221-224-H* 1.93 26.23 22.3 15.8 

202-205-M 1.84 30.53 10.9 20.6 

335-338-R 1.52 34.08 10.2 1.04 

112-115-H 1.509 37.61 3.92 12.5 

374-377-H 1.472 41.05 12.3 10.3 

371-374-R* 1.378 44.27 8.27 0 

363-R 1.247 47.18 0 7.48 

95-98-M* 1.19 49.96 25.8 25.3 
OTUs label R were generated with RsaI, H were generated with HaeIII and M were generated with MspI. Mean are 
calculated from relative abundance of T-RFLP profiles from day 4 to 32. Overall average dissimilarity 42.39 
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Table 6 SIMPER Analysis of Marine Sediment aerobic communities of CF and CL-D 
treatments 
 
Taxon (OTUs) 
 

Contribution 
 

Cumulative 
% 

Mean 
MS-CF 

Mean 
MS-CL-D 

646-650-M 3.585 9.411 21.5 0 

641-645-M 2.084 14.88 0.639 13.1 

212-215-H 1.946 19.99 12.5 22.7 

359-362-R 1.922 25.04 11.5 0 

366-369-R 1.875 29.96 26.2 28.5 

95-98-M 1.833 34.77 30.2 33.4 

229-232-R 1.452 38.58 7.58 15.1 

374-377-H 1.321 42.05 21.6 13.8 

137-140-R 1.219 45.25 23.3 18.6 

410-414-H 1.095 48.13 23 18.2 

304-307-R 0.9106 50.52 3.04 8.12 
OTUs label R were generated with RsaI, H were generated with HaeIII and M were generated with MspI. Mean are 
calculated from relative abundance of T-RFLP profiles from day 4 to 32. Overall average dissimilarity 38.09 
 
Table 7 SIMPER analysis of marine sediment aerobic communities of SED and SED-
DNT/AC treatments. 
 
Taxon (OTUs) 

 
Contribution 

 
Cumulative 

% 
Mean 

MS-CF 
Mean 

MS-EB-D 

366-369-R 3.29 6.764 26.2 34.3 

374-377-H 3.088 13.11 21.6 3.09 

370-373-H 2.758 18.79 0 16.5 

384-387-R 2.426 23.77 0 14.6 

137-140-R 2.424 28.76 23.3 8.96 

95-98-m 2.163 33.21 30.2 42.9 

359-362-R 1.922 37.16 11.5 0 

355-358-R 1.834 40.93 6.86 17.8 

646-650-m 1.704 44.43 21.5 11.3 

425-429-H 1.633 47.79 0 9.8 

229-232-R 1.477 50.83 7.58 12 
OTUs label R were generated with RsaI, H were generated with HaeIII and M were generated with MspI. Mean are 
calculated from relative abundance of T-RFLP profiles from day 4 to 32. Overall average dissimilarity 48.63 
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Table 8   Libshuff analysis of SOIL-DNT (day 8) and SOIL (day 8) clone libraries. 
 

  Total No.  No. of  Index of diversity 
Library of sequences unique OTUs 

Coverage 
(Good’s C) Shannon 1/Simpson 

CL-S-D 37 28 38% 3.20796 47.57148 
SOIL 42 35 31% 3.49416 107.625 
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Table 9 Phylogenetic tree types description for identification of clone sequences 
 
Type Tree description RDP used sequences  

 
I 

 
The phylogentic tree was constructed using 27 
sequences of the SOIL-DNT and SOIL libraries 
that contain the forward primer (519 F) and 495 
sequences from  “its nearest neighbors” obtain at 
the RDP using “Sequence Match” 

 
Nearest neighbors 

 
II 

 
The phylogentic tree was constructed using 42 
sequences of the SOIL-DNT and SOIL libraries 
that contain the reverse primer (1392 R) and 495 
sequences from  “its nearest neighbors” obtain at 
the RDP using “Sequence Match” 

Nearest neighbors 

 
III 

 
The phylogentic tree was constructed using 27 
sequences of of the SOIL-DNT and SOIL libraries 
that contain the forward primer (519 F) and 788 
including all sequences browsed at the RDP. 

 
Burkholderiales, 
Hydrogenophilales, 
Methylophilales, 
Rhodocyclales, 
Rhodospirillales, 
Rhizobiales, 
Sphingomonodales,     
genus:Streptococcus, 
genusAnaeromyxobacter, 
genus:Geobacter,          
genus:Syntrophobacter, 
Bacteroides, Chlorobi. 

 
IV 

 
The phylogentic tree was constructed using 42 
sequences of the SOIL-DNT and SOIL libraries 
that contain the forward reverse (1392 R) and 788 
including all sequences browsed at the RDP. 
 
 

 
Burkholderiales, 
Hydrogenophilales, 
Methylophilales, 
Rhodocyclales, 
Rhodospirillales, 
Rhizobiales, 
Sphingomonodales,  
genus:Streptococcus,  
genus:Anaeromyxobacter, 
genus:Geobacter,  
genus:Syntrophobacter, 
Bacteroides, Chlorobi. 
 

V Subsets with in previous trees (zoom) for clones 
A23, B16, B24, B11, y A33 

phylum Firmicutes. 
 

VI Subsets with in previous trees (zoom) for clones 
A30, B18, B21, B23, B33, A17, A22, B15, B32, 
B47 

clase Beta-Proteobacteria 

VII Subsets with in previous trees (zoom) for clones 
A7 y B42 

Delta-Proteobacteria. 
 

VIII Subsets with in previous trees (zoom) for clones 
A28, A4, A8, B1 y B48 
 

Sphingobacteria 
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IX Al clon B34 se le hizo de nuevo BLAST y se 
realizo una filogenia con todos los hits que no 
fueran solo bacteria, 
 

Blast similar bacteria 

A= SOIL-DNT (day 8), B=SOIL (day 8) 
 
Table 10 Taxonomy of clones from SOIL-DNT (day8) library inferred from 
phylogenetic trees. 
 

Clone 
 

Most related taxonomic 
group 

Taxonomic 
level 

Other Taxonomic levels 
 

A2 Sphingomonadales  order class alpha-proteobacteria 
A4 Sphingobacteriales  order phylum Bacteroidetes 
A7 Geobacter genus class Deltaproteobacteria 

   order Desulfuromonadales 
   family Geobacteraceae 

A8 Chenotrichaceae family phylum Bacteroidetes 
   order Sphingobacteriales 

A12 Comamonadaceae family class Betaproteobacteria;  
   order Burkholderiales 

A14 Comamonadaceae family class Betaproteobacteria;  
   order Burkholderiales 

A15 Comamonadaceae family class Betaproteobacteria;  
   order Burkholderiales 

A16 Betaproteobacteria class  
A17 Beta-Proteobacteria class phylum Proteobacteria 
A19 Comamonadaceae family class Betaproteobacteria;  

   order Burkholderiales 
A20 Comamonadaceae family class Betaproteobacteria;  

   order Burkholderiales 
A22 Beta-Proteobacteria class phylum Proteobacteria 
A23 Clostridiales order phylum Firmicutes 

   class Clostridia 
A24 Betaproteobacteria class  
A25 Comamonadaceae family class Betaproteobacteria 

   order Burkholderiales 
A27 Syntrophobacter genus class Deltaproteobacteria 

   order Syntrophobacterales;  
   family Syntrophobacteraceae 

A28 Sphingobacteriales order phylum Bacteroidetes 
    

A30 Burkholderiales order class Betaproteobacteria; 
A31 Neisseriaceaea family class Betaproteobacteria; 

   order Neisseriales 
A33 Streptococcaceae family phylum Firmicutes 

   class Bacilli 
   order Lactobacillales 

A34 Burkholderiales order class Betaproteobacteria; 
A35 Comamonadaceae family class Betaproteobacteria 

   order Burkholderiales 
A36 Anaeromyxobacter genus class Deltaproteobacteria 

   order Myxococcales 
   family Myxococcaceae 

A37 Betaproteobacteria class  
A41 Bacteria superkingdom  
A42 Comamonadaceae family class Betaproteobacteria 

   order Burkholderiales 
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A43 Comamonadaceae family class Betaproteobacteria 
   order Burkholderiales 

A44 Betaproteobacteria Class  
A47 Comamonadaceae family class Betaproteobacteria;  

   order Burkholderiales 
A48 Burkholderiales order class Betaproteobacteria; 

 
 
Table 11 Taxonomy of clones from SOIL (day8) library inferred from phylogenetic 
trees. 

Clone 
 

Most related taxonomic 
group 

Taxonomic 
level  

Other Taxonomic levels 
 

B1 Chenotrichaceae family phylum Bacteroidetes 
   order Sphingobacteriales 

B2 Burkholderiales order class Betaproteobacteria; 
B3 Rhodospirillaceae family class Alpha-proteobacteria 

   order Rhodospirillales 
B4 Comamonadaceae family class Betaproteobacteria 

   order Burkholderiales 
B5 Alpha-proteobacteria class  
B6 Comamonadaceae family class Betaproteobacteria 

    order Burkholderiales 
B8 Neisseriaceaea family class Betaproteobacteria 

   order Neisseriales 
B9 Rhodocyclaceae family class Betaproteobacteria; 

   order Rhodocyclales 
B10 Sphingomonadaceae family class Alphaproteobacteria 

    order Sphingomonadales 
B11 Clostridiales order phylum Firmicutes 

   class Clostridia 
B12 Comamonadaceae family class Betaproteobacteria 

    order Burkholderiales 
B15 Beta-Proteobacteria class phylum Proteobacteria 
B16 Clostridiales order phylum Firmicutes;  

   class Clostridia 
B18 Beta-Proteobacteria class phylum Proteobacteria 
B19 Sphingomonadaceae family class Alphaproteobacteria 

   order Sphingomonadales 
B20 Azoarcus genus phylum Betaproteobacteria;  

   order Rhodocyclales; 
   family Rhodocyclaceae 

B21 Beta-Proteobacteria class phylum Proteobacteria 
B22 Comamonadaceae family class Betaproteobacteria;  

   order Burkholderiales 
B23 Burkholderiales order class Betaproteobacteria; 
B24 Clostridiales order phylum Firmicutes;  

   class Clostridia 
B25 Sphingomonadaceae family class Alphaproteobacteria; 

    order Sphingomonadales 
B26 Burkholderiales order class Betaproteobacteria; 
B27 Methylobacterium genus phylum Alphaproteobacteria; 

    class Rhizobiales;  
   family Methylobacteriaceae 

B28 Comamonadaceae family class Betaproteobacteria 
   order Burkholderiales 

B29 Neisseriales order class Betaproteobacteria; 
B30 beta-Proteobacteria class  
B31 bacteria Super-kingdom  
B32 Beta-Proteobacteria class phylum Proteobacteria 
B33 Burkholderiales order class Betaproteobacteria; 
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B34 bacteria Super-kingdom  
B37 Burkholderiales order class Betaproteobacteria; 
B39 Proteobacteria phylum  
B40 Neisseriaceaea family class Betaproteobacteria; 

   order Neisseriales 
B41 Rhodocyclaceae family class Betaproteobacteria; 

   order Rhodocyclales 
B42 Delta-proteobacteria class  
B44 Comamonadaceae family class Betaproteobacteria 

   order Burkholderiales 
B47 Burkholderiales order class Betaproteobacteria; 
B48 Chenotrichaceae family phylum Bacteroidetes 

   order Sphingobacteriales 
 
 
Table 12 Expected T-RF fragment lengths for 16S rRNA clone sequences using HaeIII, 
MspI and RsaI restriction enzymes 

In-silico-RFLP  Taxonomic levels 
Clones HaeIII MspI RsaI Phylum Class Order Family 

A 2 412 95 374 Proteobacteria Alphaproteobacteria Sphuingomonadales - 

A 16 208 96 21 Proteobacteria  Betaproteobacteria - - 

A 21 226 96 140  Firmicutes  Betaproteobacteria - - 

A 23 413 97 323  Firmicutes  Clostridia Clostridiales - 

A 24 226 96 140 Proteobacteria  Betaproteobacteria - - 

A 25 226 96 373 Proteobacteria  Betaproteobacteria  Burkholderiales Comamonadaceae 

A 33 412 201 112  Firmicutes  Bacilli - Streptococcaceae 

A 34 226 96 373 Proteobacteria  Betaproteobacteria - - 

A 36 71 142 140 Proteobacteria Deltaproteobacteria  Myxococcales  Myxococcaceae 

A 37 226 96 373 Proteobacteria  Betaproteobacteria Burkholderiales - 

A 42 226 96 373 Proteobacteria  Betaproteobacteria  Burkholderiales Comamonadaceae 

A 44 226 96 184 Proteobacteria  Betaproteobacteria - - 

A 47 226 96 140 Proteobacteria  Betaproteobacteria   Burkholderiales Comamonadaceae 

A 48 226 96 373 Proteobacteria  Betaproteobacteria Burkholderiales - 

B 2 100 96 61 Proteobacteria  Betaproteobacteria Burkholderiales - 

B 5 217 202 231 Proteobacteria Alphaproteobacteria - - 

B 8 377 96 373 Proteobacteria  Betaproteobacteria  Neisseriales Neisseriaceaea 

B 11 409 38 371  Firmicutes  Clostridia Clostridiales - 

B 12 226 96 373 Proteobacteria  Betaproteobacteria   Burkholderiales Comamonadaceae 

B 16 413 129 323  Firmicutes  Clostridia Clostridiales - 

B 24 71 106 375  Firmicutes  Clostridia Clostridiales - 

B 26 226 96 373 Proteobacteria  Betaproteobacteria Burkholderiales - 

B 30 >620 96 375 Proteobacteria  Betaproteobacteria - - 
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B 31 378 96 374 N/D - - - 

B 37 377 >618  373 Proteobacteria  Betaproteobacteria Burkholderiales - 

B 39 100 97 373 Proteobacteria - - - 

B 40 377 96 373 Proteobacteria  Betaproteobacteria  Neisseriales Neisseriaceaea 

B 41 226 96 140 Proteobacteria  Betaproteobacteria  Rhodocyclales Rhodocyclaceae 
A=S-CL-D (day 8), B=S-CF(day 8) 
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FIGURES 

 

 

Figure 1 Degradation pathway of 2,4-DNT in B. cepacia R34, and its evolutionary 
relation with other enzymes. Figure modified from Johnson and Spain (2003).  
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Figure 2 Degradation pathways of RDX under anaerobic sludge conditions. Pathway b 
was proposed by McCormick and coworkers (1981) while pathway “a” was proposed by 
Hawari and coworkers (2002). Figure was taken from last reference. 
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Figure 3 Pathway for RDX biotransformation catalyzed by rabbit liver cytochrome P450 
2B4 (Cyt P450). Products in brackets were not detected. Image was taken from Brushan 
and coworkers (2003). 
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Figure 4 “Collection points at the AFWTF Vieques, Puerto Rico” Google Earth TM . 
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Figure 5 Quantification of RDX, 2,4-DNT and nitrite for soil aerobic microcosms under 
static conditions. (A) Microcosms amended with RDX. (B) Microcosms amended with 
2,4-DNT. (C) Nitrite production of microcosms.  
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Figure 6 Quantification of RDX, 2,4-DNT and nitrite for marine sediments aerobic 
microcosms under static conditions. (A) Microcosms amended with RDX. (B) 
Microcosms amended with 2,4-DNT. (C). Nitrite production of different treatments.  
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Figure 7 Gel electrophoresis of DNA extractions from soil and marine sediment 
microcosms. Five microlitres of each extraction reaction were loaded onto the agarose gel 
(1%). MW, 1Kb plus DNA ladder (Invitrogen). 
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Figure 8 Gel electrophoresis of nested PCR amplifications of 16S rRNA genes using 
519F and 1392R primer pair. (A) Aerobic soil and marine sediment microcosms. (B) 
Anaerobic soil and marine sediment microcosms. For each PCR product, 5 µl were 
loaded onto the agarose gel (1%). MW, 1Kb plus DNA ladder (Invitrogen)  
 

 
Figure 9 T-RFLP generated with HaeIII from aerobic soil and marine sediments PCR 
amplifications. 
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Figure 10 Correspondence analysis of T-RFLP profiles of 16S rRNA genes from aerobic 
microcosms under static conditions. Crosses represent soil community profiles, while 
blue squares represent marine sediment profiles. Ellipses represent 95% of confidence 
regions for the groups. 
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Figure 11 Correspondence analysis of T-RFLP profiles from 16S rRNA of anaerobic 
microcosms under static conditions. Red crosses represent soil communities, while blue 
squares represent marine sediment communities. Ellipses represent 95% of confidence 
regions for the groups.  
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Figure 12 Correspondence analysis of microbial community structure from military 
impacted soil at Vieques Island. Aerobic microcosms treatments: Red Cruse SOIL, Green 
Cruse SOIL-RDX, Blue Stars SOIL-DNT, Blue oval SOIL-DNT/Ac, Purple circle SOIL-
RDX/Ac. 
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Figure 13 Correspondence analysis of T-RFLP profiles for marine sediment aerobic 
microcosms. Red Cruse SED, Green Cruse SED-RDX, Blue Stars SED-DNT, Blue oval 
SED-DNT/Ac, Purple circle SED-RDX/Ac. 
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Figure 14 Correspondence analyses of T-RFLP profiles from soil and marine sediments 
microcosms of Vieques Island under anaerobic conditions. Red cross SOIL, blue oval 
SOIL-DNT/Ac, green crosses SOIL-RDX/Ac, purple circle SED, blue square SED-
DNT/Ac, and blue start SED-RDX/Ac. 
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Figure 15 Relations between microbial communities from different treatments analyzed 
using ANOSIM. (A) Soil communities from aerobic microcosms. (B) Marine sediment 
communities from aerobic microcosms. (C) Communities from anaerobic soil and marine 
sediment microcosms.  
 
Lines represent community relation base on ANOSIM R value. Absence on connecting represent well 
separated communities (RANOSIM > 0.75), thin lines represent well separated but overlapping communities 
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(0.75 > RANOSIM > 0.50), thick lines represent separating but overlapping communities (0.50> RANOSIM 
>0.25) and thicker lines correspond to more similar treatments (RANOSIM < 0.25). 
 
 
 
 
 
 

 
Figure 16 Relative abundance of T-RFLP OTUs from S-CF-8 and S-CL-D-8 samples, 
generating with MspI, RsaI and HaeIII. 
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Figure 17 Percentage of different phylogenetic groups SOIL-DNT and SOIL at day 8 
libraries. 
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Figure 18 Phylogenetic Tree of clones from CL-S (day8) and SOIL (day  8) with the 
nearest neighbors using sequences with Forward primer (Type II) 
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Figure 19 Phylogenetic Tree of clones from CL-S (day8) and SOIL (day  8) with the 
nearest neighbors using sequences with Reverse primer (Type II) 
 

 
Figure 20 Zoom of branch from phylogenetic tree Type IV used to identify clone B27. 
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Figure 21 Zoom of branch from phylogenetic tree Type IV used to identify clones A18, 
B10, B19 and B25. Sphingomonas and Novosphingobium are genera from the family 
Sphingomonadaceae. 
 
 

 
Figure 22 Zoom of branch from phylogenetic tree Type IV used to identify clone B3. 
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Figure 23 Zoom of branch from phylogenetic tree Type used used to identify clones A41 
and B34. 
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Figure 24 Zoom of branch from phylogenetic tree Type IV  used to identify clones A14, 
A43 and B4. Comamonas, Rhodoferax, Acidovorax are genera from the family 
Comamonadaceae  
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Figure 25 Zoom of branch from phylogenetic tree Type III used to identify clones A12, 
A15, A19,A20, A35, B6, B28, B44. Comamonas, Hydrogenophaga, Malikia, 
Bachymonas, Xenophilus are genera from the family Comamonadaceae. 
 

 

 
Figure 26 Zoom of branch from phylogenetic tree Type used to identify clone B20 . 
 

  
Figure 27 Zoom of branch from phylogenetic tree Type IV used to identify clones B15 
and B32. 
 
 

 
Figure 28 Zoom of branch from phylogenetic tree Type IV used to identify clone B47. 
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Figure 29 Zoom of branch from phylogenetic tree Type IV used to identify clone A31. 
 

 
Figure 30 Zoom of branch from phylogenetic tree Type IV used to identify clone  A27. 
 

 
Figure 31 Zoom of branch from phylogenetic tree Type IV used to identify clones A7 
and B42 . 
 
 

 
Figure 32 Zoom of branch from phylogenetic tree Type III used to identify clone B5. 
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Figure 33 Zoom of branch from phylogenetic tree Type III used to identify clone A2. 
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Figure 34 Zoom of branch from phylogenetic tree Type III used to identify Clone B39. 
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Figure 35 Zoom of branch from phylogenetic tree Type III used to identify clones A24 
and B31.  
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Figure 36 Zoom of branch from phylogenetic tree Type III used to identify clone A47. 
Giesbergeria, Acidovorax, Rhodoferax, Comamonas are genera from the family 
Comamonadaceae (Type III). 
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Figure 37 Zoom of branch from phylogenetic tree Type III used to identify  clone A25, 
A42 and B12. Curvibacter, Comamonas, Xenophilus, Simplicispira, Hylemonella, 
Diaphorobacter, Ramlibacter are genera from the family Comamonadaceae (Type III). 
 

 
Figure 38 Zoom of branch from phylogenetic tree Type III used to identify clones A34, 
A48 and B26 (Type III). 
 

 
Figure 39 Zoom of branch from phylogenetic tree used to identify A44 clone (Type III). 
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Figure 40 Zoom of branch from phylogenetic tree used to identify clone B8 and B40. 
(Type III). Aquitalea and Chromobacterium are genera from the family Neisseriaceae  
 

 
Figure 41 Zoom of Betaproteobacteria branch from phylogenetic tree Type III used to 
identify clone A37. 
 

 
Figure 42 Zoom of branch from phylogenetic tree Type III to idenfied clone B41. 
Ferribacterium and Dechloromonas are genera from the family Rhodocyclaceae. 
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Figure 43 Zoom of branch from phylogenetic tree Type III used to identify clone B2 and 
B37. 
 

 
Figure 44 Zoom of branch from phylogenetic tree Type III used to identify clone A16 
and B30.  
 
 

 
Figure 45 Zoom of branch from phylogenetic tree Type III used to identify clone A36. 
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Figure 46 Zoom of branch from phylogenetic tree Type V used to identify clone B23.  
 

 
Figure 47 Zoom of branch from phylogenetic tree Type V used to identify clones A30 
and B33 (Type V). 
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Figure 48 Zoom of branch from phylogenetic tree Type V used to identify clones A22, 
B15, B18, B21 and B32.  
 

 
Figure 49 Zoom of branch from phylogenetic tree Type VI used to identify clone A7. 
 
 

 
Figure 50 Zoom of branch from phylogenetic tree Type VII used to identify clone A33 
(Type VII). 
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Figure 51 Zoom of branch from phylogenetic tree Type VII used used to identify clones  
A23, B11, B16 and B24. 
 
 

 
Figure 52 Zoom of branch from phylogenetic tree Type VIII used to identify  clone A4, 
A8, A26, B1 and B48.  
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Appendix A. Preliminary study of 2,4-DNT effect and degradation  

 

Materials and methods. Soil samples were collected from two different places at the 

AFWTF Laguna Anones (L) and Monte David (S) in the island of Vieques, Puerto Rico. 

Biotic microcosms (4 replicates) were prepared by mixing 3 ml slurry (of 1:1 water: soil) 

plus 17 ml of BLKN medium, spiked with 40 µ l of 10mM explosive's solution (2,4-

DNT). Abiotic controls (3 replicates) were prepared by autoclaving live microcosms, 

(explosive was added after autoclaving). Microcosms were incubated at room 

temperature at 260 rpm for about 9 days. Sampling and analysis Samples from the 

microcosms were collected from each of the vials at different times (0, 3 and 7 days). 

Explosive concentration was measured with HPLC and nitrate was quantified using the 

nitrate A, nitrate B Method (Colorimetric determination) as previously described. 

 

Results and Discussion. Correspondence Analysis of microbial communities shows an 

initial separation (day 0) of distinct microbial communities from different locations, 

where laguna Anones (Vieques) and Guanica (Dry Forest, Puerto Rico) communities 

cluster nearest than Monte David (Vieques) (Figure 1A). After day 3 of incubation 

different location communities became more similar, clustering together independently of 

the treatment and origin. Evidence of normalization of communities is observed by 

overlapping of the confidence ellipses (95%). 
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Figure A 1 Correspondence analysis of T-RFLP profiles of 16S rRNA of Vieques and 
Guanica Microcosms under shaking conditions. Green cruces represent Monte David 
Microcosms; Blue squares represent Guanica microcosms, Red cruces represent Laguna 
Anones Microcosms. Ellipses represent 95 % of confidence regions for the groups. 
 

Effect of incubation over time could be explained by axis I (Figure 2), due to the clear 

clustering of communities by incubation days. Axis 1 of Correspondence Analysis 

explained 12.36 % of variability while Axis 2 explains 8.35%. Axis 2 separates scatter 

dots by sample location, grouping same location microcosms closer than different 

location. Guanica and Laguna Anones 2,4-DNT amended treatments are not clearly 

separated of non-amended microcosms, therefore 2,4-DNT effects on microbial 
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community structure is not evident with the concentrations used in this experiment. 

Monte David microcosms respond to addition of explosives, at day 0 non-amended and 

2,4-DNT amended microcosms cluster together, however a differential effect of 

treatments on microbial communities is observed at day 3 and 7, separating non-amended 

and amended communities. 

 
Figure A 2 Correspondence analysis of T-RFLP profiles of 16S rRNA of Vieques and 
Guanica Microcosms under shaking conditions.  Monte David non-amended,  Monte 
David with 2,4-DNT , Guanica non-amended,  Guanica with 2,4-DNT , Laguna 
Anones non-amended and  Laguna Anones with 2,4-DNT .  Grouping of samples was 
performed using cluster analysis of T-RFLP matrix, using Bray-Curtis to calculate 
similarity. 
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Correspondence analysis and Cluster Analysis clearly separates two groups with a 

similarity < 0.2 (bootstrap value 100), time 0 samples from all microcosms (II), and day 3 

and 7 cluster (I),. In cluster II, same origin microcosms group apart from each other, 

Laguna Anones microcosms (bootstrap value 98), Guánica microcosms (bootstrap value 

98) and Monte David microcosms (bootstrap value 98). Cluster I is subgroup into two 

cluster, the first cluster (IA) is formed by day 3 and 7 microbial communities of Guánica, 

Laguna Anones and none amended microcosms from Monte David, the second cluster 

(IB) is formed by day 3 and 7 microbial communities of 2,4-DNT amended microcosm 

from Monte David soil and one replicate from amended Guánica microcosms. Cluster IA 

is subdivided by day of sampling, day 3 and 7. As observed in the correspondence 

Analysis, inside the different cluster, Guánica communities are more similar to Laguna 

Anones than to Monte David. 
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Figure A 3 Cluster analysis of 16S rRNA T-RFLP profiles, using Bray-Curtis index  to 
calculate similarity measures, 1000 bootstraps were performed, only clusters with values 
superior to 50 are shown.  
 

Mineralization of 2,4-DNT is coupled with nitrite (NO2) production, so a decreased on 

2,4-DNT with nitrite production could be used as an evidence of biological degradation. 

Concentration of 2,4-DNT on Guánica microcosms remains constant trough all sample 

days, no biological activity can be related to CL microcosms, additionally nitrite 

concentration decreased in all observed treatments (CA, CL and CF).   Concentration of 

2,4-DNT on Laguna Anones reduces from 3 mg/L to 1.5 mg/L however no difference is 

observed between amended (CL) and abiotic (CA) microcosms. Concentration of nitrite 

on Laguna Anones microcosms decreases on CL and CF treatments, an increase on 

abiotic CA microcosms is observed on day 3, at day 7 concentrations reduces out of the 
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quantification limit.  Decrease on 2,4-DNT  concentration of all treatments is observed on 

Monte David microcosms, 2,4-DNT  decreases from 2.5 mg/l to  1.64 mg/L on CA and to  

1.01 mg/L on CL microcosm. Nitrite production is observed also on CL microcosms to 

49 mg/l.    
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Appendix B.  Development of scripts for T-RFLP analysis software 

 

Selection and binning of representative peaks in T-RFLP electropherogram is a 

fundamental step in the study of microbial community. Representative peaks are those 

peaks with a reproducible signal within different replicates, and which signal importantly 

contributes to establish a particular T-RFLP profile. The criteria used for selection of 

peaks will establish which peaks will be discarded for the analysis. Shared peaks from 

electropherograms generated with the same restriction enzyme do not always migrate 

equally in gel and capillary sequencers due to electrophoretic anomalies and thus 

calculation of exact fragment size must include a fragment size tolerance to group same 

size fragment as a shared genotype. Once all electropherograms peaks have been selected 

and binned, the results are generally stored in files containing the tabulated data and 

imported to a spreadsheet.  

 

Detection of informative peaks in the electropherogram have been done using different 

criteria, such as deleting nonreproducible peaks between PCR replicates from the same 

DNA (40), selecting only peaks which height or area accounts for more than an specific 

percentage of total optical density or fluorescence (1%, (42) and 0.5%, (55)) or by using 

minimum height thresholds of fluorescent units (10). Also methods such as rarefaction 

have been use to determining which small peaks should be included in the analysis of T-

RFLP (30). Recently, several software applications have been develop to aid peak 

selection for T-RFLP, some commercial programs include GeneMarker® software, 

GeneMapper ®software and torast (t-rflp operation results analysis software tool), also 
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non commercial applications have been develop such as T-RFLP Stats from IBEST (6) 

and dynamic programming algorithms (51).  Most of the analysis software available has 

been designed to analyze ABI (Applied Biosystems) file formats, which difficult the use 

of these tools to address the same procedures with other sequencer files or from gel 

image analysis. Two T-RFLP scripts have been developed to address selection and 

binning of informative peaks from different sources using a standard text file.  

 

T-RFLP Scripts. Common Lisp Implementation for ANSI (CLISP) version 2.38 (25) was 

selected as the language to develop these scripts CLISP is a general-purpose language 

that permits easy logical programming and definition of functions. Other important 

characteristic of CLISP is function iteration that is a powerful tool to find results with 

simple coding.  

 

PEAKS script performed a recursive iteration to detect the minimal values that can 

separate fragment’s peaks from noise baseline based in a modification of a statistical 

criteria previously proposed (6). Peak identification relies on the difference of signal 

intensity of background noise and labeled DNA fragments. Noise values cluster around 

the signal median of T-RFLP scan points (Figure B 1), while real peaks are distant from 

median values. Hence real peaks can be separated from background using a dispersal 

measure. Detection of real peaks is based on exclusion of values larger than the median 

plus three standard deviations (µ+3σ), this calculation is done recursively until no larger 

values can be removed from data set and the script saves the last calculated value as the 

threshold to consider real peaks.   
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BINNING script is used to group similar length fragments (peaks) from different samples 

as the same OTU. The script explores all possible binning groups and organizes 

individual sets of data in a unified matrix, allowing easy modification and posterior 

analysis. BINNING used different criteria to detect possible binned groups, (1) fragment 

size, (2) congruence and (3) number of peaks within a possible OTU. The fragment size 

criteria established the maximum binning size of a OTU depending on fragment size as 

suggested for Automatic rRNA Intergenic Spacer Analysis (ARISA) by Brown and 

coworkers (12). Windows of 2, 3, 5, or 10 pb were used for fragments of 200-400, 400-

700, 700-1000 and <1000 pb respectively. Congruence criteria discard binned groups that 

cluster two or more peaks of the same profile into the same OTU, script subdivide the 

grouping on 2 o more new OTUs. Finally the script counts the number of peaks that 

belong to each possible OTU and favor larger binned groups. Scripts output is a two 

space delimited text file, matrix merged file, and binning possible groups files. Final 

decision of binning groups is done using these two files in an Excel (Microsoft Office 

2003) spread sheet were fragment lengths that are binned together are represented by 

their average size. 

 

Results and Discussion. Several criteria for calculation of minimal real peak values were 

evaluated using electropherogram, histogram and percentile plots. PEAKS(µ+3σ) can 

effectively eliminate noise in the electropherogram separating peak values from 

background noise (A),  real peak scan points in the evaluated  electropherogram 

correspond to a 42% of total scan points (Figure B1 C, redline ),  this means that noise 
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background points are more frequent than real peak points (B). When using PEAKS 

(µ+20σ), a more strict selection of peaks is performed eliminating small peaks (A) and 

60% of scan points (C). Finally, PEAKS µ+100σ criterion eliminates 92% of scan points 

(C) and several peaks in the electropherogram (A).  

 

 

Figure B1. Electropherogram, histogram and percentile from Monte David microcosm 

digested with HaeIII. Red, blue and green lines represent the cutoff value calculated by 

PEAKS using µ+3σ (0.0439), µ+20σ (0.0674) and µ+100σ (0.1775) respectively. 

 

Different samples were analyzed using PEAKS (µ+3σ) criteria (Fig. B1). Guanica 

microcosm T-RFLP profile has low signal intensity (A) compare with the other 

microcosms profiles due to low concentration of DNA digestion, nevertheless peaks 

signal is higher than the threshold line calculated by the script, this allow a successful 

elimination of noise independently from difference of digested product concentration (6). 

Cutoff values are calculated based in the intrinsic variability of data, so each sample has 

its own Peak detection threshold (Fig. B2).   
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Figure B2. Electropherogram of 16S rDNA PCR amplifications from 2,4-DNT amended 

microcosms, digested with Hae III. A. Guanica (threshold= 0.112753294), B. Laguna 

Anones (threshold= 0.08060286), C. Monte David (threshold= 0.054272633) and 

Guanica-2 (threshold= 0.05083055). Red line represent calculated threshold using 

PEAKS(µ+3σ). 
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Appendix C. Steps for analysis of scan points from gel image analysis 

using.  

In Order for the script to recognize, process and save the input file, several functions 
were constructed. Input files can be created exporting scan or defined peak data from the 
sequencer program to a spreadsheet (e.g., Microsoft Office). 

 
1. Download CLisp-2.38 (scritps have been compiled in this version) 
 
2. Download PEAKS and BINNING folders and save them inside Clisp-2.38 folder 

 

 
 

Figure C 1 File format of input file in Order to be recognized for the script 
 

3. First column must have an open parenthesis (Figure # A),to group data in rows, 
and last row will end with NIL. 

4. Second column will have the number belonging to the scan point. 
5. Third and consecutive columns will have the optical density or fluorescent 

intensity of each scan point. 
6. Last column must have a close parenthesis (Figure#, B)   
7. Finally data must be saved as “infile.txt” a tab delimited text format and transfer 

the file to PEAKS folder. 
8. Be sure that outfile.txt and final.txt files are empty otherwise open EasyErase 

folder copy both folders and paste them inside PEAKS folder. 
9. Open trflp.txt file and modified functions “todos” and “final” changing X 

(number of columns in the file + 1), if your file has 35 lanes from gel image 
analysis, you should substitute X for 36.  

10. Saved the modified file with the same name trflp.txt. 
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11. Double click CLISP.exe and type at the prompt (load “PEAKS/Trflp.txt”), once the 

program finish running the script will show  >T 

 
 
 

12. Open final.txt file, number will correspond to peak’s threshold for each of the 
lines at the original file. 

  

 
 

13. All scan points higher than threshold are real signal points, so every peak above 
this value must be considered for analysis. 

 
B. Steps for binning of similar size fragments using BINNING 
 

1. Once al real point have been identified, data must be put in the following format 
to be recognized by the  script 
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2. Each sample set is composed by two columns first column (Figure # A) is the 

molecular weight of the fragment, second column is the signal intensity (Figure 
# B). 

3. First column must have an open parenthesis to group data in rows (Figure # C), 
and last row will end with NIL (Figure # D). 

4. Last column must have a close parenthesis (Figure#, E)   
5. Finally data must be saved as “infile.txt” a tab delimited text format and transfer 

the file to BINNING folder. 
6. Double click CLISP.exe and type at the prompt (load “binning/scripts/binning.txt”), 

once the program finish running the script will show  >T 
 

 
7. Several files are generated at <<clisp-2.38\Binning>> folder, binned.txt is a two 

lines file with all possible binned groups determined from de analysis and 
matrix4.txt is a general matrix formed from all T-RFLP profiles. 

8. Choose of final binned groups must be done by the researcher using binned.txt 
file; final solution of groups must include binned groups that do not overlap, then 
this groups must be manually merged in the matrix4.txt file as one group 
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Further implementation of a scoring matrix is under development to determine the unique 
solutions. 
 

APPENDIX D. Calculation of explosives concentration 
  
 
Initial concentration of 2,4-DNT and RDX in microcosms 
Information 
BLK media +Slurry  = 40 ml or 0.04 l 
Explosives conc. = 1000 ppm (mg/l) or 1 g/l 
2,4-DNT added vol. = 80 µl or 80 x10-6 l 
RDX added vol. = 80 µl or 80 x10-6 l 
2,4-DNT molar mass = 182.14 g/mol 
RDX molar mass = 222.12 6/mol 
 
Calculations 

 
 
Approximately 440 nmoles of 2,4-DNT were added to the microcosms, so in case of total 
mineralization 880 nmoles of Nitrite (NO2) are expected on the microcosm. Therefore in 
a final volume of 40 ml the expected concentration of nitrite must be around 22µM. 
 
Concentration of Oxygen in the headspace of aerobic microcosms 
Information 
Serum vials volume = 100 cm3 
BLK media +Slurry  = 40 cm3 
Headspace  = 60 cm3 
Oxygen % on air  = 21% 
 
 
Calculations 

 

Results 
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 of Oxygen  atoms or  of Oxygen molecules (O2 ) expected on 
the EB aerobic microcosm. 
 
Concentration of Acetone on aerobic microcosms (EB) 
Information 
BLK media +Slurry  = 40 ml 
Acetone added vol = 80 µl 
Acetone density = 0.79 g/cm³ 
Acetone molar mass = 58.08 g/mol 
 
Calculations 

 

 
Results. 1088 µmoles of Acetone are expected on the EB aerobic microcosm. 
The following reaction shows the oxidation of acetone under oxygenic conditions. 

4O2 + C3H6O     3CO2 + 3H2O 
Based on the following reaction four moles of Oxygen molecules are needed to oxidize 
one mole of Acetone, so the 265 µmoles of Oxygen molecules present on the microcosm 
headspace could oxidize 66.25 µmoles, because several other electron donor could be 
present in the slurry and media, oxygen must be rapidly consume leading to anoxic 
conditions.    
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APPENDIX E. List of Accession Numbers 
 
List 1. Accession numbers from RDP using to construct the phylogenetic tree Type I  and 
II. 
 
S000010403, S000011652, S000116870, S000137057, S000137973, S000138443, 
S000253432, S000413733, S000439318, S000002977, S000020300, S000436436, 
S000543165, S000583256, S000434855, S000008159, S000011973, S000018037, 
S000436442, S000431235, S000128561, S000130341, S000003861, S000021075, 
S000010801, S000414108, S000011943, S000351835, S000351836, S000398099, 
S000011476, S000112987, S000387422, S000089782, S000091005, S000004181, 
S000395436, S000429252, S000441377, S000475150, S000021430, S000017844, 
S000018317, S000130319, S000413471, S000437262, S000437264, S000458739, 
S000539365, S000547982, S000843930, S000995202, S000394587, S000441842, 
S000541574, S000128764, S000599485, S000103956, S000387423, S000392514, 
S000413466, S000475022, S000016693, S000112393, S000112511, S000413473, 
S000386315, S000462805, S000544176, S000364328, S000364342, S000413535, 
S000468990, S000701177, S000018605, S000005350, S000007613, S000011492, 
S000012284, S000016010, S000380772, S000428003, S000435922, S000437056, 
S000458752, S000432025, S000628776, S000014117, S000128450, S000089783, 
S000427371, S000021715, S000020000, S000146627, S000264333, S000390460, 
S000390729, S000390735, S000390738, S000428396, S000608915, S000544642, 
S000401762, S000401763, S000434961, S000364327, S000435895, S000366462, 
S000395050, S000440546, S000413603, S000413605, S000752409, S000752410, 
S000752412, S000007789, S000368128, S000389514, S000414495, S000414510, 
S000430937, S000434385, S000434386, S000469010, S000469012, S000469013, 
S000469015, S000471776, S000471777, S000483600, S000539892, S000544284, 
S000544643, S000413736, S000019711, S000003872, S000008217, S000009277, 
S000012680, S000014055, S000015039, S000017474, S000130044, S000130669, 
S000368094, S000388163, S000388165, S000389259, S000389260, S000430786, 
S000434814, S000434817, S000440046, S000469284, S000470134, S000484621, 
S000515943, S000532739, S000540546, S000618201, S000711758, S000003158, 
S000383706, S000386216, S000388872, S000390945, S000391357, S000391359, 
S000395486, S000428669, S000018694, S000017481, S000387938, S000387939, 
S000387940, S000387941, S000381354, S000000634, S000129405, S000429663, 
S000437436, S000407281, S000620618, S000469505, S000002236, S000003243, 
S000006848, S000014269, S000334724, S000432334, S000439511, S000588265, 
S000006620, S000008887, S000437784, S000515996, S000515997, S000515998, 
S000515999, S000351461, S000574631, S000592630, S000399556, S000399557, 
S000654201, S000015853, S000388693, S000437033, S000396741, S000438516, 
S000014472, S000127018, S000389731, S000428528, S000436037, S000469634, 
S000009495, S000020603, S000133753, S000428516, S000428517, S000428518, 
S000428520, S000428521, S000428522, S000413519, S000351777, S000468017, 
S001093235, S000146281, S000384110, S000387155, S000428524, S000428525, 
S000428526, S000428527, S000471102, S000471103, S000428509, S000263441, 
S000399364, S000437168, S000531418, S000388105, S000394160, S000394152, 
S001019568, S000021263, S000603880, S000390657, S000015591, S000428512, 
S000439510, S000008395, S000539474, S000428510, S000610618, S000610620, 
S000428511, S000428513, S000427918, S000427920, S000427922, S000752373, 
S000009256, S000414590, S000018929, S000539895, S001019570, S000842174, 
S000327590, S000388699, S000468019, S000485441, S000428514, S000469824, 
S000572911, S000381787, S000015214, S000414185, S000543171, S000388643, 
S000016476, S000390069, S000414443, S000418497, S000436929, S000022013, 
S000414305, S000414308, S000414309, S000414374, S000429658, S000541488, 
S000541489, S000429659, S000128881, S000436064, S000020246, S000414302, 
S000436070, S000436071, S000543982, S000392882, S000391661, S000414312, 
S000437656, S000441003, S000539445, S000414311, S000391667, S000439895, 
S000653121, S000414634, S000436226, S001019565, S000000311, S000001335, 
S000008376, S000387088, S000387090, S000387200, S000414573, S000386316, 
S000387095, S000387092, S000387091, S000428030, S000543875, S000571898, 
S000018565, S000002066, S000019319, S000387150, S000434377, S000137022, 
S000000824, S000005163, S000005734, S000009314, S000009714, S000010085, 
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S000016269, S000387203, S000015049, S000260089, S000650566, S000481203, 
S000017517, S000010910, S000083867, S000461353, S000560277, S000584779, 
S001099431, S000002343, S000003106, S000539197, S000400333, S000420138, 
S000088673, S000089909, S000137583, S000018513, S000441050, S000428877, 
S000437652, S000437653, S000437655, S000389920, S000088251, S000126615, 
S000392134, S000437114, S000128257, S000428874, S000414629, S000007761, 
S000437417, S000457290, S000006970, S000457294, S000010833, S000003147, 
S000005137, S000008920, S000009676, S000437600, S000391801, S000414324, 
S000437158, S000437418, S000437599, S000438915, S000438916, S000548805, 
S000571800, S000389424, S000398534, S000004801, S000017105, S000022640, 
S000548711, S000388514, S000414554, S000010018, S000437365, S000004383, 
S000015757, S000386891, S000389682, S000436919, S000539278, S000392790, 
S000539285, S000540099, S000367196, S000367206, S000417333, S000539315, 
S000087136, S000381686, S000381687, S000381693, S000381694, S000381841, 
S000381842, S000386900, S000386901, S000386902, S000386903, S000386905, 
S000388821, S000391821, S000394129, S000395972, S000421498, S000427388, 
S000428680, S000428921, S000002328, S000003885, S000137817, S000138430, 
S000138431, S000260680, S000437565, S000020727, S000145523, S000013877, 
S000435157, S000436945, S000437489, S000390719, S000438509, S000000935, 
S000383946, S000404973, S000416837, S000416838, S000416839, S000505129, 
S000603881, S000020497, S000146771, S000539438, S000436382, S000427980, 
S000427982, S000427983, S000323434, S000539640, S000627905, S000584167, 
S000404972, S000404974, S000420519, S000012082, S000351837, S000426605, 
S000475576, S000557769, S000539472, S000383917, S000557768, S000620069, 
S000620070, S000505499, S000013697, S000384749, S000428531, S000439297, 
S000537535, S000129434, S000007584. 

 
 
List 2. Accession numbers from RDP using to construct the phylogenetic tree Type III. 
 
S000136808, S000136880, S000137057, S000137974, S000137973, S000351380, 
S000622337, S000004579, S000138443, S000253432, S000413733, S000439318, 
S000002977, S000003850, S000008828, S000020300, S000436436, S000543165, 
S000583256, S000434855, S000008159, S000011973, S000018037, S000436442, 
S000431235, S000436444, S000436446, S000128561, S000130341, S000003861, 
S000392261, S000021075, S000388715, S000006932, S000014591, S000015956, 
S000091510, S000096471, S000457157, S000469292, S000469294, S000469296, 
S000469298, S000469304, S000469308, S000549097, S000381785, S000413727, 
S000413728, S000413730, S000413731, S000414138, S000010801, S000413726, 
S000413729, S000413725, S000469285, S000469299, S000650533, S000414109, 
S000000390, S000003055, S000004997, S000011481, S000020692, S000020699, 
S000130015, S000387324, S000388894, S000400216, S000400217, S000415176, 
S000415178, S000429050, S000728860, S000014972, S000259950, S000259951, 
S000260238, S000469600, S000496369, S000469432, S000142444, S000414108, 
S000011943, S000005151, S000111731, S000351835, S000351836, S000141396, 
S000398098, S000398100, S000402934, S000539622, S000841845, S000324008, 
S000439512, S000366209, S000472450, S000397413, S000398099, S000001467, 
S000007383, S000009304, S000011476, S000012774, S000022290, S000112987, 
S000138899, S000145110, S000145113, S000334614, S000381408, S000382574, 
S000383774, S000386317  S000387421, S000387422, S000413465, S000439484, 
S000441280, S000471092, S000482243, S000482850, S000603877, S000627319, 
S000843931, S000995201, S000089782, S000091005, S000004181, S000395436, 
S000429252, S000439316, S000441377, S000475149, S000475150, S000505317, 
S000541026, S000021430, S000017844, S000018317, S000130319, S000413471, 
S000437262, S000437264, S000458739, S000539365, S000547982, S000843930, 
S000995202, S000394587, S000414257, S000441842, S000482848, S000541574, 
S000012028, S000010453, S000016991, S000019816, S000128764, S000260195, 
S000359025, S000359026, S000427979, S000599485, S000995200, S000103956, 
S000387423, S000392514, S000413466, S000475022, S000540605, S000003443, 
S000005814, S000016693, S000576842, S000021216, S000022059, S000111802, 
S000140466, S000265215, S000364331, S000364334, S000364392, S000387016, 
S000413447, S000427818, S000437446, S000438628, S000438747, S000438762, 
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S000544091, S000979020, S000979022, S000981736, S000436036, S000364328, 
S000364342, S000364344, S000413535, S000468990, S000701177, S000979021, 
S000388874, S000018605, S000400145, S000504762, S000000975, S000001022, 
S000003476, S000011165, S000012687, S000013051, S000014396, S000091004, 
S000389043, S000390806, S000390807, S000404721, S000414250, S000428477, 
S000622335, S000414547, S000652842, S000652843, S000721496, S000133471, 
S000438370, S000446569, S000446572, S000544665, S000650667, S000623991, 
S000623992, S000444593, S000468983, S000548442, S000618284, S000618285, 
S000618288, S000618290, S000005350, S000007613, S000011492, S000012284, 
S000016010, S000018962, S000020842, S000414518, S000003134, S000013161, 
S000380772, S000427998, S000428003, S000435922, S000437056, S000447839, 
S000458751, S000458752, S000468991, S000432025, S000020615, S000540592, 
S000628776, S000014117, S000128450, S000022501, S000389512, S000089783, 
S000427371, S000457893, S000539067, S000436435, S000021715, S000020000, 
S000127710, S000146627, S000264333, S000270387, S000364326, S000368558, 
S000392337, S000437501, S000438365, S000498783, S000006492, S000390733, 
S000434611, S000438671, S000015514, S000021625, S000390460, S000390729, 
S000390735, S000390738, S000414382, S000428396, S000608915, S000544642, 
S000385187, S000413604, S000439317, S000498560, S000385743, S000413927, 
S000006233, S000007321, S000007772, S000010396, S000011209, S000016421, 
S000388993, S000389774, S000010644, S000401762, S000401763, S000434961, 
S000351834, S000364327, S000413606, S000435895, S000366461, S000366462, 
S000395050, S000440546, S000351832, S000386911, S000000822, S000413603, 
S000413605, S000469033, S000004814, S000393169, S000393170, S000752409, 
S000752410, S000752412, S000007789, S000368128, S000388994, S000389514, 
S000414495, S000414510, S000430937, S000434385, S000434386, S000469010, 
S000469012, S000469013, S000469015, S000471776, S000471777, S000483600, 
S000539892, S000544284, S000544643, S000435060, S000388725, S000247921, 
S000413734, S000413736, S000019711, S000461692, S000003872, S000006648, 
S000008216, S000008217, S000009277, S000012680, S000013308, S000014055, 
S000015039, S000016480, S000017474, S000022474, S000130044, S000130669, 
S000368094, S000388163, S000388165, S000389259, S000389260, S000428013, 
S000430786, S000434814, S000434817, S000438836, S000438917, S000440046, 
S000469110, S000469284, S000470134, S000484620, S000484621, S000499934, 
S000515943, S000532739, S000540546, S000618201, S000711758, S000003158, 
S000383706, S000386216, S000388872, S000390945, S000391357, S000391359, 
S000395486, S000428669, S000018694, S000017481, S000387938, S000387939, 
S000387940, S000387941, S000381354, S000245913, S000000634, S000129405, 
S000429663, S000437436, S000388272, S000407281, S000620618, S000469505, 
S000843932, S000022017, S000461649, S000002236, S000003243, S000006848, 
S000014269, S000334724, S000432334, S000439511, S000588265, S000006620, 
S000008887, S000437784, S000515996, S000515997, S000515998, S000515999, 
S000007395, S000351461, S000541014, S000574631, S000592630, S000130225, 
S000436062, S000399556, S000399557, S000427400, S000427401, S000436063, 
S000654201, S000009593, S000015853, S000388693, S000437033, S000437034, 
S000437035, S000437036, S000437037, S000022480, S000396741, S000389521, 
S000007045, S000390573, S000543947, S000012031, S000428367, S000541021, 
S000447841, S000481204, S000007648, S000438516, S000014472, S000127018, 
S000134051, S000134317, S000389731, S000428528, S000436037, S000469634, 
S000009495, S000020603, S000131286, S000133753, S000428516, S000428517, 
S000428518, S000428520, S000428521, S000428522, S000114995, S000413519, 
S000351777, S000468017, S000136808, S000136880, S000137057, S000137974, 
S001093235, S000010699, S000146281, S000384110, S000387155, S000428524, 
S000428525, S000428526, S000428527, S000471102, S000471103, S000428509, 
S000263441, S000399364, S000437168, S000531418, S000388105, S000394160, 
S000394152, S000428668, S001019568, S000021263, S000603880, S000390657, 
S000015591, S000428512, S000439510, S000008395, S000539474, S000428510, 
S000610618, S000610620, S000428511, S000428513, S000427918, S000427920, 
S000427922, S000752373, S000009256, S000414590, S000018929, S000539895, 
S001019570, S000842174, S000327590, S000388699, S000468019, S000437411, 
S000485441, S000428514, S000469824, S000572911, S000381787, S000015214, 
S000414185, S000543171, S000653221, S000388643, S000016767, S000351771, 
S000016476, S000541751, S000356845, S000390069, S000414443, S000418497, 
S000436929, S000436930, S000003950, S000021908, S000022013, S000414305, 
S000414306, S000414307, S000414308, S000414309, S000414374, S000429658, 
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S000541488, S000541489, S000429659, S000128881, S000436064, S000436066, 
S000020246, S000436065, S000414302, S000436070, S000436071, S000543982, 
S000392882, S000438740, S000391661, S000414312, S000437656, S000441003, 
S000539445, S000414311, S000391664  S000391667, S000439895, S000653121, 
S000436226, S001019565, S000000311, S000001335, S000008376, S000387088, 
S000387090, S000387200, S000414573, S000386316, S000387095, S000387092, 
S000387091, S000428030, S000543875, S000571898, S000018565, S000002066, 
S000019319, S000387150, S000434377, S000137022, S000000824, S000005163, 
S000005734, S000009314, S000009714, S000010085, S000016269, S000387203, 
S000015049, S000260089, S000650566, S000528093, S000652696, S000481203, 
S000391801, S000414324, S000437158, S000437418, S000437599, S000438915, 
S000438916, S000548805, S000571800, S000004801, S000017105, S000022640, 
S000548711, S000392790, S000004394, S000005549, S000009782, S000010869, 
S000087136, S000100382, S000100511, S000126951, S000128159, S000129168, 
S000129396, S000131146, S000133824, S000134019, S000134020, S000134021, 
S000134419, S000381647, S000381650, S000381651, S000381653, S000381683, 
S000381684, S000381686, S000381687, S000381689, S000381691, S000381693, 
S000381694, S000381841, S000381842, S000386900, S000386901, S000386902, 
S000386903, S000386905, S000387218, S000388602, S000388694, S000388821, 
S000389773, S000391821, S000393994, S000394129, S000395972, S000403332, 
S000416938, S000421498, S000427388, S000428680, S000428921, S000440164, 
S000471775, S000487847, S000539434, S000539465, S000002840, S000008023, 
S000010358, S000014216, S000014599, S000015672, S000414468, S000414469, 
S000414472, S000414479, S000436356, S000451793, S000451794, S000530395, 
S000530402, S000546342, S000591184, S000622829, S000650604, S000022636, 
S000020429, S000528027, S000414481, S000414480, S000459001, S000577392, 
S000577393, S000436589, S000441993, S000440489, S000002378, S000009680, 
S000013923, S000389070, S000414473, S000414474, S000414475, S000414476, 
S000414477, S000414545, S000441859, S000516011, S000017137, S000140020, 
S000136808, S000136880, S000137057, S000137974, S000414478, S000426025, 
S000457665, S000436850, S000577391, S000000063, S000001977, S000003149, 
S000004779, S000007810, S000011989, S000334738, S000334739, S000407967, 
S000414448, S000414450, S000414452, S000414454, S000414455, S000414456, 
S000414457, S000414458, S000414459, S000414460, S000414461, S000414463, 
S000414464, S000414466, S000414470, S000414471, S000496429, S000497367, 
S000570095, S000575568, S000005894, S000012366, S000642011,    
            

List 3. Accession numbers from RDP using to construct the phylogenetic tree Type V. 

 
S000003473, S000276014, S000460422, S000015414, S000393873, S000364572, 
S000010526, S000544658, S000013532, S000568190, S000549091, S000445440, 
S000324026, S000385195, S000475020, S000473604, S000471782, S000456450, 
S000629396, S000600587, S000004697, S000005872, S000436390, S000752407, 
S000260682, S000128278, S000539542, S000394134, S000128771, S000118557, 
S000002588, S000713079, S000122841, S000389016, S000016384, S000368085, 
S000570530, S000366394, S000396322, S000434603, S000011748, S000387935, 
S000387932, S000387934, S000110722, S000111853, S000387931, S000130840, 
S000414423, S000571530, S000735276, S000428077, S000006708, S000436724, 
S000413824, S000021644, S000004751, S000005060, S000010536, S000013898, 
S000126675, S000543168, S000134316, S000134024, S000544083, S000429374, 
S000014938, S000002714, S000019948, S000358762, S000021942, S000413823, 
S000002348, S000019075, S000004803, S000018588, S000250738, S000436257, 
S000006851, S000004394, S000414567, S000573188, S000642975, S000002328, 
S000428920, S000012021, S000394644, S000539196, S000013427, S000019176, 
S000437162, S000437588, S000995191, S000394234, S000115293, S000087730 
 

List 4. Accession numbers from RDP using to construct the phylogenetic tree Type VI. 
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S000003872, S000006648, S000008216, S000008217, S000009277, S000012680, 
S000013308, S000014055, S000015039, S000016480, S000017474, S000022474, 
S000130044, S000130669, S000368094, S000388163, S000388165, S000389259, 
S000389260, S000428013, S000430786, S000434814, S000434817, S000438836, 
S000438917, S000440046, S000469110, S000469284, S000470134, S000484620, 
S000484621, S000499934, S000515943, S000532739, S000540546, S000618201, 
S000711758, S000003158, S000383706, S000386216, S000388872, S000390945, 
S000391357, S000391359, S000395486, S000428669, S000018694, S000017481, 
S000387938, S000387939, S000387940, S000387941, S000381354, S000245913, 
S000000634, S000129405, S000429663, S000437436, S000388272, S000407281, 
S000620618, S000469505, S000843932, S000022017, S000461649, S000002236, 
S000003243, S000006848, S000014269, S000334724, S000432334, S000439511, 
S000588265, S000006620, S000008887, S000437784, S000515996, S000515997, 
S000515998, S000515999, S000007395, S000351461, S000541014, S000574631, 
S000592630, S000130225, S000436062, S000399556, S000399557, S000427400, 
S000427401, S000436063, S000654201, S000009593, S000015853, S000388693, 
S000437033, S000437034, S000437035, S000437036, S000437037, S000022480, 
S000396741, S000389521, S000007045, S000390573, S000543947, S000012031, 
S000428367, S000541021, S000447841, S000481204, S000007648, S000438516, 
S000014472, S000127018, S000134051, S000134317, S000389731, S000428528, 
S000436037, S000469634, S000009495, S000020603, S000131286, S000133753, 
S000428516, S000428517, S000428518, S000428520, S000428521, S000428522, 
S000114995, S000413519, S000351777, S000468017, S001093235, S000010699, 
S000146281, S000384110, S000387155, S000428524, S000428525, S000428526, 
S000428527, S000471102, S000471103, S000428509, S000263441, S000399364, 
S000437168, S000531418, S000388105, S000394160, S000394152, S000428668, 
S001019568, S000021263, S000603880, S000390657, S000015591, S000428512, 
S000439510, S000008395, S000539474, S000428510, S000610618, S000610620, 
S000428511, S000428513, S000427918, S000427920, S000427922, S000752373, 
S000009256, S000414590, S000018929, S000539895, S001019570, S000842174, 
S000327590, S000388699, S000468019, S000437411, S000485441, S000428514, 
S000469824, S000572911, S000381787, S000015214, S000414185, S000543171, 
S000653221, S000388643, S000016767, S000351771, S000016476, S000541751, 
S000356845, S000390069, S000414443, S000418497, S000436929, S000436930, 
S000003950, S000021908, S000022013, S000414305, S000414306, S000414307, 
S000414308, S000414309, S000414374, S000429658, S000541488, S000541489, 
S000429659, S000128881, S000436064, S000436066, S000020246, S000436065, 
S000414302, S000436070, S000436071, S000543982, S000392882, S000438740, 
S000391661, S000414312, S000437656, S000441003, S000539445, S000414311, 
S000391664, S000391667, S000439895, S000653121, S000008171, S000016676, 
S000126701, S000127319, S000127604, S000129171, S000129430, S000130626, 
S000396471, S000127966, S000414634, S000436225, S000013709, S000436226 
 
List 5. Accession numbers from RDP using to construct the phylogenetic tree Type VII. 

 
S000000228, S000004736, S000007307, S000008874, S000016943, S000001126, 
S000003900, S000004739, S000006150, S000010738, S000010910, S000011580, 
S000012355, S000016406, S000020196, S000083867, S000130468, S000389681, 
S000394495, S000413803, S000416204, S000421932, S000428079, S000428080, 
S000428372, S000437467, S000437480, S000438770, S000461353, S000461354, 
S000475288, S000539470, S000560277, S000584779, S000588196, S000588198, 
S001099431, S000437459, S000008660, S000016044, S000137299, S000138146, 
S000427865, S000438109, S000437689, S000556967, S000002343, S000431412, 
S000010081, S000003106, S000539197, S000549637, S000003902, S000393859, 
S000436242, S000436243, S000437115, S000400333, S000420138, S000088673, 
S000089909, S000137583, S000436238, S000112434, S000137584, S000427693, 
S000018513, S000436235, S000391502, S000428876, S000441050, S000428877, 
S000428878, S000437652, S000437653, S000437655, S000389920, S000088251, 
S000436147, S000015339, S000389726, S000393881, S000126615, S000392134, 
S000437114, S000128257, S000130725, S000381437, S000429262, S000435986, 
S000428874, S000428875, S000414629, S000436233, S000007761, S000381082, 
S000436149, S000437417, S000457290, S000006970, S000015699, S000016405, 
S000457294, S000010833, S000003147, S000005137, S000008920, S000009676, 
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S000437600, S000391801, S000414324, S000437158, S000437418, S000437599, 
S000438915, S000438916, S000548805, S000571800, S000389424, S000440962, 
S000398534, S000004801, S000017105, S000022640, S000548711, S000388514, 
S000414554, S000010018, S000437365, S000004383, S000015757, S000386891, 
S000389682, S000436150, S000387293, S000130039, S000365691, S000365693, 
S000436219, S000428666, S000436919, S000539278, S000392790, S000539285, 
S000540099, S000367196, S000367206, S000417333, S000539315, S000539316, 
S000539319, S000385672, S000384935, S000022588, S000382370, S000436232 
 

List 6. Accession numbers from RDP using to construct the phylogenetic tree Type VIII. 

 
S000000915, S000413484, S000436372, S000436373, S000436388, S000642493, 
S000016742, S000020497, S000021044, S000146771, S000539438, S000539631, 
S000584168, S000608884, S000619894, S000436387, S000436382, S000427980, 
S000427982, S000427983, S000016681, S000022547, S000436377, S000436378, 
S000436379, S000436380, S000436381, S000323434, S000016665, S000515766, 
S000436360, S000436362, S000439298, S000470279, S000539640, S000627905, 
S000021760, S000584167, S000404972, S000404974, S000420519, S000006685, 
S000017522, S000018007, S000019071, S000019101, S000019997, S000118541, 
S000558790, S000436385, S000016670, S000498586, S000629072, S000012082, 
S000440297, S000436363, S000475572, S000711219, S000351837, S000426605, 
S000475576, S000557769, S000358005, S000539472, S000436364, S000625868, 
S000509769, S000383917, S000629071, S000612855, S000627044, S000557768, 
S000544813, S000620069, S000620070, S000505499, S000439295, S000711005, 
S000711006, S000427984, S000436625, S000439300, S000016110, S000013697, 
S000384749, S000428531, S000439297, S000537535, S000129434, S000391577, 
S000007584, S000594445  
 

List 7. Accession numbers from RDP using to construct the phylogenetic tree Type III. 

AB286325, AB288578, EU979095, EU979021, EF221371, DQ676318, AY690115, DQ450782, 
EU097294, EU097293, EU097211, EF018476, EU097210, EU236243, EU375661, EU287927, 
EU548072, AY344056, AM295491, U62825  , EF019978, EF020153, EU693450, AY117557, 
EU372837, AM398481, AY117554, AY117553, M22510,   DQ417338, DQ417337, AY117572, 
AY117567, EF626691, AM689950, AM396358, AY117569, AE016825, AB021385, AB017487, 
AB174793, EU287928, EF019812, AB078843.  
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APPENDIX F.  DNA Sequences from Clone Libraries  
 
>Q1_A_2_09A02.F 
CAGCAGCCGCGGTAATACGGAGGGAGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGTTACTCAAGTCAGAGGTGA
AAGCCCGGGGCTCAACCCCGGAACTGCCTTTGAAACTAGGTAACTAGAATCTTGGAGAGGTCAGTGGAATTCCGAGTGTAGAGGTGAAA
TTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGACTGACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACTAGCTGTCCGGGCACTTGGTGCTTGGGTGGCGCAGCTAACGCATTAAG
TTATCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCG
AAGCAACGCGCAGGACCTTACCAGCGTTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTCAGTTCGGCTGGATGAGTGACAGG
TGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTTA
GTTGGGCACTCTAAGGAACCGCCGGTGATAAGCCGGAGGATGTGGGGATGACGTCAAGTCCTCATGGCCCTTACACGCTGGGCTACACA
CGTGCTACAATGGCGGTGACAGTGGGCAGCAAACTCGCGAGAGTGAGCTAATCTCCAAAAGCCGT 
 
>Q1_A_4_25A04.F 
CTGCCATTGATACTATTAGTCTTGAATGTTGTTGAGGTGGGCGGAATATATCATGTAGCGGTGAAATGCATAGATATGATATAGAACAC
CGATTGCGAAGGCAGCTCACTAAACAACGATTGACGCTGAGGCACGAAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCAC
GCCCTAAACGATGATTACTCGACATACGCGATACACAGCGTGTGTCTGAGCGAAAGCATTAAGTAATCCACCTGGGAAGTACGTCCGCA
AGGATGAAACTCAAAGGAATTGACGGGGGTCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCTGGG
CTAGAATGCTGGTGGACTGATGCCGAAAGGTGTTTTTATAGCAATATACCGCCAGTAAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCG
TGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCTTCAGTTGCCAACGGGTAATGCCGGGAACTCTGAAGAAACTGCCGCC
GTAAGACGCGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGGGCTACACACGTGCTACAATGGGGAGGACAAAGG
GCTGCTACCTGGCAACAGGATGCAAATCTCAAAAACCTTTTCTCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGCTGGAATCG
CTAGTAATCGCGCATCAGCAATGGCGCGGTGAATACGTTCCCGGACCTTGTACACACCGCCCGT 
 
>Q1_A_6_41A06.F 
TTTTACTGTTAGTGTCTAAGCGAAAGCATTAAGTAATCCACCTGGGAAGTACGTCCGCAAGGTTGAAACTCAAAGGAATTGGCGGGGGT
CCGCACAAGTGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCTGGGCTAGAATGCATTTTGACCGCAGGTGAAAGC
CTGTTTTGTAGCAATACACAACCTGTAAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCCTATCTTTAGTTGCCATCAGGTAATGCTGGGAACTTTAAAGAAACTGCCGTCGTAAGACGCGAGGAAGGAGGGGATGATGTC
AAGTCATCATGGCCTTTATGCCCAGGGCTACACACGTGCTACAATGGGGAGGACAAAGGGCTGCCACTTAGCGATAAGGAGCTAATCCC
AAAAACCTTCTTTCAGTTCAGATTGGAGTTTGCAACTCGACTCCATGAAGCTGGAATCACTAGTAATTGTATATCAGCAATGATGCGGT
GAATACGTTCCCGGACCTTGCACACACCGCCCGT 
 
>Q1_A_7_49A07.F 
GATACTGGGAGACTTGAATACGGGAGAGGGTAGTGGAATTCCTAGTGTAGGAGTGAAATCCGTAGATATTAGGAGGAACACCGGTGGCG
AAGGCGGCTACCTGGACCGATATTGACGCTGAGACGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGAGAACTAGGTGTTGCGGGTATTGACCCCTGCAGTGCCGCAGCTAACGCATTAAGTTCTCCGCCTGGGAAGTACGGTCGCAAGAC
TAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGCAGAACCTTACCTGGGCTTG
ACATCTGCGGAACCCGGTTGAAAGATCGGGGTGCCTTCGGGAGCCGCAAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCCTTAGTTGCTACCATTCAGTTGAGCACTCTAAGGAGACTGCCGGTGTCAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGTCCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTTGCGA
TGCCGCGAGGTGGAGCCAATCCCAAAAAGCCGGTCTCAGTTCGGATTGGAGTCTGCAACTCGACTCCATGAAGTTGGAATCGTTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT 
 
>Q1_A_8_57A08.F 
AAACTGGCCAGCTAGAGCGCGGTAGAGGAGGGTGGAATTCCTGGTGTAGCGGTGAAATGCGTAGATATCAGGAGGAACACCGGTGGCGA
AGGCGGCCCTCTGGACCGTTGCTGACGCTGAGACGCGAAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAAC
GATGATTACTCGACATTAGCGATATTACTGTTAGTGTCTAAGCGAAAGCATTAAGTAATCCACCTGGGAAGTACGACCGCAAGGTTGAA
ACTCAAAGGAATTGGCGGGGGTCCGCACAAGTGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCTGGGCTAGAATG
CATTTTGACCGCAGGTGAAAGCCTGTTTTGTAGCAATACACAATTTGTAAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCTTTAGTTGCCATCAGGTAATGCTGGGAACTCTAAAGAAACTGCCGTCGTAAGACG
TGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGGGCTACACACGTGCTACAATGGGGAGGACAAAGGGCTGCCAC
TTAGCGATAAGGAGCTAATCCCAAAAACCTTCTCTCAGTTCAGATTGGAGTCTGCAACTCGACTCCATGAAGCTGGAATCACTAGTAAT
CGTATATCAGCAATGATACGGTGAATACGTTCCCGGACCTTGCACACACCGCCCGT 
>Q1_A_9_65A09.F 
GTGCCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTACGGCCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCGTCTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTC
AGCATCGGAGGATGAGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGAAACCGCCGGTGATAAGCGGGAGGAAGGTGGGGATGAGGTCAAGTCTTCA
TGCCCTTTACACCAGGGGCTACCCACGTGTACCAATGGCGGTGACAAGGGTCAGCAAACTGGGGAGAGGGAGTTATTCTCCAAAACCGG
TCTCAGTTCGGATTGTAGTCTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCC
CAGGCCTTGTACACACCGCCCGT 
>Q1_A_12_89A12.F 
GCGGAGGACACGATGCGAAGGCATCCCCTGGGCCTGCACTGACGCTCATGCACGAAGCGTGGGGAGCAAACAGGATAGATACCCTGGTA
GTCACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTCACTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTAC
GGCCGCAAGGTTGAAGCTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTT
ACCCACCTTTGACATGTACGGAATCCTGCAGAGACGCAGGAGTGCTCGAAAGAGAACCGTAACACAGGTGCTGCATGGCTGTCGTCAGC
TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAATGAGACTG
CCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCTCTTATAGGTGGGGCTACACACGTCATACAATGGACGGTAC
AAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGGTCGCAGTCTGCAACTCGACTGCGTGAAGTCGG
AATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
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>Q1_A_13_02B01.F 
CGCGAGGAACCTTACCTGGGCTAGAATGCTGGTGGACTGATGCCGAAAGGTGTTTTTATAGCAATATACCGCCAGTAAGGTGCTGCATG
GCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCSACCCCCCCTTATCTTCAGCCAGTTGCCAACCGGTAA
TGCCCCCCGGGAACTCTGAAGAAACTGCCGCCGTAAGACGCGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGGG
CTACACACGTGCTACAATGGGGAGGACAAAGGGCTGCTACCTGGCAACAGGATGCAAATCTCAAAAACCTTTTCTCAGTTCGGATTGTA
GTCTGCAACTCGACTACATGAAGCTGGAATCGCTAGTAATCGCGCATCAGCAATGGCGCGGTGAATACGTTCCCGGACCTTGTACACAC
CGCCCGT 
>Q1_A_14_10B02.F 
GCTTAACCTGGGAGCTGCACTTGTGACTGCAAGGCTGGAGTACGGCAGAGGGGGATGGAATCCGCGTGTAGCAGTGAAATGCGTAGATA
TGCGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGCCTTCACTGGCTCAGTAACGAAGCTAACGCGTGGAGTTGACCGCCTGG
GGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGTACGGAACCCTTTAGAGATAGAGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAAT
GAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGG
CTGGTACAAAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCATAAAGCCAGTCGTAGTCTGGATCGTAGTCTGCAACTCGACTGCGTG
AAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_15_18B03.F 
TCAACCTGGGAACTGCATTTGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAGATGCGTAGATAT
GCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGG
GGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGTACGGAATTGCGCAGAGATGTGCAAGTGCTCGAAAGAGAGCCGTAACACGGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAAT
GAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGG
CCGGTACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTG
AAGTCGGAATCGCTAGTAATCGTGGATCAGAATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_16_26B04.F 
CAGCAGCCGCGGTAATACGTACGGTGCGAGCGTTAATCGGAATTACTGGTCGTAAAGCGTGCGCAGGCGGCTTTTTAAGCCAGATGTGA
AATCCCCGGGCTTAACCTGGGAACTGCATTTGGAACTGGAAGGCTACATTGCGGCATAGGGGGGTAGAATTCCACGTGTAGCATTGAAA
TGCGTACAGATGTGGAGGAATACCGATGGCCAAGGCAGCCCCCTGGGTCGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTATATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAATTGTTGGAGGAGTGAAATCCTTTAGTAACGAAACTAACGCGTGAA
GTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTC
GATGCAACGCGAAGAACTTTACCTACCCTTGACATGTCCGGAACTTGCCAGAGATGGCTTGGTGCCCGAAAGGGAACCGGAACACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCTACGCAA 
>Q1_A_17_34B05.F 
GGGGCTTAACCTGGGAACTGCCTTTGTGACTGCACGGCTAGAGTGTGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTA
GATATGCAGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTCGGGTCTTAATTGACTTGGTAACGCAGCTAACGCGTGAAGTTGACCG
CCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAAC
GCGAAAAACCTTACCTACCCTTGACATGGTCGGAATCCTGGAGAGATCTGGGAGTGCCCGAAAGAGAACCGGCGCACAGGTGCTGCATG
GCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCGCTAATTGCCAGCATTGAGTTGGGCAC
TTTAGCGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATA
CAATGGTCGGTACAGAGGGTTGCCAAACCGCGAGGTGGAGCTAATCCCTTAAAGCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGAC
TGCGTGAAGTCGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_18_42B06.F 
ACCTGGAACTGCCTTTGAAACTAGGTAACTAGAATCTTGGAGAGGTCAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGG
AAGAACACCAGTGGCGAAGGCGACTGACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATGATAACTAGCTGTCCGGGCACTTGGTGCTTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGA
GTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTTGAAGCAACGCGCAGAA
CCTTACCAGCGTTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTCAGTTCGGCTGGATGAGTGACAGGTGCTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAG
GAAACCGCCGGTGATAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACACGCTGGGCTACACACGTGCTACAATGG
CGGTGACAGTGGGCAGCAAACTCGCGAGAGTGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGA
AGGCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_19_50B07.F 
GATGGCGCTTGTGACTGCAAGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAAC
ACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCC
ACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTAACTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACC
CACCTTTGACATGTACGGAACTTGCCAGAGATGGCTTGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTTAATTGCCATCATTCAGTTGGCACTTTAACGAGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGA
GGGTTGCCAAGCCGCGAGGTGGAGCCAATCCCAGAAAGCCGATCGTAGTCCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAAT
CGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_20_58B08.F 
CTGGGAACTGCATTCGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGA
GGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT
AGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTCACTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGT
ACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACC
TTACCCACCTTTGACATGTACGGAATCCTGCAGAGACGCAGGAGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAATGAGAC
TGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGACGGT
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ACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTC
GGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_21_66B09.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTCTTGTAAGACGGCTGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTTGTGACTGCATCGCTGGAGTACGGCAGAGGGGGGTGGAATTCCTGGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTT 
>Q1_A_22_74B10.F 
TAGCTAGAGTCTGTCAGAGGGGGGTGGAATTCACGTGTAGCAGTGAAATGCGTAGAGATGTGAAGACACGATGCGAAGGCAGCCCCTGG
GATAGACTGACGCTCATGTACGAAAGCGTGGGAGCAAACAGGATTAGATACCCTGGTAGTCACGCCCTAAACGATGTCTACTAGTTGTC
GGGGGGTAACTCCTTCGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC
GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGCCACTAACGAAGCAG
AGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
CAACGAGCGCAACCCTTGCCGATAGTTGCTACGAAAGGGCACTCTATCGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT
CAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGCTGCCAACCCGCGAGGGGGAGTTAATCC
CAGAAAACCGATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGT
GAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_23_82B11.F 
CAGCAGCCGCGGTAATACAGAGGGTGCTAGCGTTGTTCGGAATTATTGGGCGTAAAGGGCGCGTAGGCGGTGCGGTAAGTCTGTGGTGA
AATCTCCCGGCTCAACTGGGAGGCTGCCGCGGAAACTGCCGTGCTGGAGTGTGGGAGAGGTGAGTGGAATTCCCGGTGTAGCGGTGAAA
TGCGTAGATATCGGGAGGAACACCTGTGGCGAAAGCGGCTCACTGGACCACAACTGACGCTGAGGCGCGAAAGCTAGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCTAGCCCTAAACGATGAATGCTTGGTGTGGCGGGTACCCAATCCCGCCGTGCCGCAGTTAACGCGATAA
GCATTCCGCCTGGGGAGTACGGTCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTCAATTC
GACGCAACGCGAAGAACCTTACCTGGGCTCGAAGCGCAGTGGACCGGGGTGGAAACATCCCTTTCCGCAAGGACTGCTGCGTAGGTGCT
GCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTGCCTGTTGCTAACACGTTATGG
TGAGCACTCCGGCGAAACCGCCCCGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTTATGTCCAGGGCTACACA
CGTGCTACAATGGCCGGTACAAA 
>Q1_A_24_90B12.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTCTTGTAAGACAGCTGTGA
AATCCCCGGGCTCAACCTGGGAACTGCGGTTGTGACTGCAAGACTGGAGTACGGCAGAGGGGGGTGGAATTCCTGGCGTAGCAGTGAAA
TGCGTAGATATCAGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTAGTTGTTCGGAGGGTAAAACCTTTGAGTAACGTAGCTAACGCGTGAA
GTCGACCGCCTGGGGAGTACGGCCGCAAGGTCAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTC
GGTGCAACGCGAAAAACCTTACCTACCCTTGACATGTCAGGAACTTTCCAGAGATGGATTGGTGCCCGAAAGGGAGCCTGAACACAGGT
GCTGCATGGCTGTTGTCAGCTCGTGTCGCGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGCAGAGC
ACTCTATGAGACTGCCGGTGACAAACCGGAGGAGGTGGGGATG 
>Q1_A_25_03C01.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGATGTAAGACGGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTCGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTCACTGACTCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAATCCTGCAGAGACGCAGGAGTGCTCGAAAGAGAACCGTAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACACTCAGTTG
GGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAG 
>Q1_A_26_11C02.F 
CAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAATTGCGCAGAGATGTGCAAG
TGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCT
CATGACCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAAC
CGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGTCACGGTGAATACGT
TCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_27_19C03.F 
AAGTGCATTGGAAACTGCCCATCTGAGTTCCGGAGAGGAAGGGGGAATGCCGGTGTAGAGTGAAATTCGTAGAGATCGGGAGGAATACC
AGTGCCGAAGGCGCCATCTGGACGGCAACTGACGCTGAGACGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCACGCT
GTAAACGATGATCACTGGGTGTAGCGGGTACTCATTCCTGCTGTGCCGCAGCTAACGCGTTAAGTGATCCGCCTGGGGATTACGGTCGC
AAGACTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCTGG
GCTTGACATCCCCGGACACATCCCGGAAACGGGGTCTTCCCCTTCGGGGGACCGGGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTG
TCGGGAGATGTTGGGTTAAGCCCCGCAACGAGCGCAACCCCTGCCTTTAGTTGCCATCGGGTAGAGCCGGGCACTCTAGAGGGACCGCC
GGTGTCAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTTATGCCCAGGGCTACACACGTACTACAATGGGCGGTACAG
AGGGAAGCGAGGGGGTGACCCGGAGCCAACCCCAAAAAGCCGCTCACAGTTCGGATCGGAGTCTGCAACTCGACTCCGTGAAGGTGGAA
TCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATCCGTTCCCGGGCCTTGTACACACCGCCCGT 
>Q1_A_28_27C04.F 
TATAGAACACCGATTGCGAAGGCAGCTCACTAAACAACGATTGACGCTGAGGCACGAAAGCGTGGGGATCAAACAGGATTAGATACCCT
GGTAGTCACGCCCTAAACGATGATTACTCGACATACGCGATACACAGTGTGTGTCTGAGCGAAAGCATTAAGTAATCCACCTGGGAAGT
ACGTCCGCAAGGATGAAACTCAAAGGAATTGACGGGGGTCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACC
TTACCTGGGCTAGAATGCTGGTGGACTGATGCCGAAAGGTGTTTTTATAGCAATATACCGCCAGTAAGGTGCTGCATGGCTGTCGTCAG
CTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCTTCAGTTGCCAACGGGTAATGCCGGGAACTCTGAAGAA
ACTGCCGTCGTAAGACGCGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGGGCTACACACGTGCTACAATGGGGA
GGACAAAGGGCTGCTACCTGGCAACAGGATGCAAATCTCAAAAACCTTTTCTCAGTTTGGATTGTAGTCTGCAACTCGACTACATGAAG
CTGGAATCGCTAGTAATCGCGCATCAGCAATGGCGCGGTGAATACGTTCCCGGACCTTGTACACACCGCCCGT 
>Q1_A_30_43C06.F 
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GGCTTAACCTGGGAACTGCATTTGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGA
TATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGAT
ACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTAGATCAGTAACGAAGCTAACGCGTGAAGTTGACCGCC
TGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGC
GAAAAACCTTACCTACCCTTGACATGCCTGGAACCTCGCAGAGATGTGAGGGTGCCCGAAAGGGAGCCGGGACACAGGTGCTGCATGGC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACGAAAGGGCACTCTAATG
GGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTACACACGTCATACAATGGC
TGGTACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCATAAAACCAGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGA
AGTCGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_A_31_51C07.F 
TCAACCTGAGAACGGCATTGGAGACTGCACGGCTAGAGTGCGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGAT
GTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTGGGGGTTTGAATCCTTGGTAGCGTAGCTAACGCGTGAAATTGACCGCCTGG
GGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAA
AAACCTTACCTGGTCTTGACATGTACAGAACTTTCCAGAGATGGATTGGTGCCCGAAAGGGAGCTGTAACACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACCATTCAGTTGAGCACTCTAA
TGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGACCAGGGCTTCACACGTCATACAATG
GTCGGTACAGAGGGTAGCCAAGCCGCGAGGTGGAGCCAATCTCATAAAACCGATCGTAGTCCGGATCGCACTCTGCAACTCGAGTGCGT
GAAGTCGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_33_67C09.F 
CAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGAATTATTGGGCGTAAAGCGAGCGCAGGCGGTTAGATAAGTCTGAAGTTA
AAGGCTGTGGCTTAACCATAGTACGCTTTGGAAACTGTTTAACTTGAGTGCAAGAGGGGAGAGTGGAATTCCATGTGTAGCGGTGAAAT
GCGTAGATATATGGAGGAACACCGGTGGCGAAAGCGGCTCTCTGGCTTGTAACTGACGCTGGGGCTCGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGACCCTTTCTGGGGTTTAGTGCCGCAGCTAACGCATTAAG
CACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTCTAATTCG
AAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGCTCTAGAGATAGAGTTTTCCTTCGGGACAGAGGTGACAGGTGGT
GCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGCTAAGTCCCGCAACGAGCGCAACCCCTATTGTTAGTTGCCATCATTCAGTTG
GGCACTCTAGCGAGACTGCCGGTAATAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGCGCTACACACG
TGCTACAATGGCTGGTACAACGAGTCGCAAGCCGGTGACGGCAAGCTAATCTCTTAAAGCCAGTC 
>Q1_A_34_75C10.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTCATGCAAGACAGATGTGA
AATCCCCGGGCTCAACTTGGGAACTGCATTTGTGACTGCATGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGGACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGACGGCTTGCTGTTCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGCCAGGAATCCTGCAGAGATGCGGGAGTGCTCGAAAGAGAACCTGGGCACAGGTGC
TGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCATTAGTTGCTACGCAAGGGCA
CTCTAGTGAGACTGCCGGTGACAAACCGGAGGAAGTGGGGATGACGTCAGGTCATCATGGCCCTTATGGGTAGGGCTACACACGTCATA
CAATGGCCGGTACAGAGGGCTGCCAACCCGCGAGGGGAGCTAA 
>Q1_A_35_83C11.F 
AGAGAGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGGGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACT
GACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGTCT
TAACTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGAC
CCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAACTTGCCAGAGATGG
CTTGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAG
CGCAACCCTTGCCATTAGTTGCTACGAAAGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCC
TCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAACCCGCGAGGGGGAGCCAATCCCATAAAG
CCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACG
TTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_36_91C12.F 
CAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTGTTCGGAATTATTGGGCGTAAAGCGCGTGTAGGCGGCCTGGCAAGTTGGGTGTGA
AAGCCCTCGGCTTAACCGAGGAAGTGCGCCCAAAACTACCTGGCTTGAGTACCGGAGAGGGTGGCGGAATTCCCGGTGTAGAGGTGAAA
TTCGTAGATATCGGGAGGGACACCAGTGGCGAAGGCGGCCACCTGGACGGATACTGACGCTGAGACGCGAAAGCGTGGGTAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCTGTAAACGATGAGCGCTAGGTGTTGTGGGTGTTGACCCCCGCAGTGCCGCAGCTAACGCATTAA
GCGCTCCGCCTGGGAAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTGATTC
GATGCAACGCGAAAAACCTTACCTACCCTTGACATGCCAGGAATCTTGCAGAGATGTGAGAGTGCTCGAAAGAGAACCTGGACACGGTG
CTGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCACCCCTTGTCATTAGTTGCTACGAAAGGGC
ACTCTAATGAAGACTGCCGGTGACAACCGGAGGAAGGA 
>Q1_A_37_04D01.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGCTGTAAAACCGATGTGA
AATCCCCGGGCTTAACCTGGGAACTGCATTGGTGACTGCAGCGCTGGAGTATGGCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGGATTCATTTCCTTAGTAACGTAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACTCGCACAAGCGGTGGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGTACGGAACCCTGCCGAGAGGTGGGGGTGCCCGAAAGGGAGCCGTAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCCATCATT 
>Q1_A_38_12D02.F 
GGAGCAAATAGGATTAGATACCCTGGTAGTACACGCCCTAAACGATGTCAACTGGTTGTTGGACGGCTTGCTGTTCAGTAACGAAGCTA
ACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTG
GTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGCCAGGAATCTTGCAGAGATGTGAGAGTGCTCGAAAGAGAACCTG
GACACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCT
ACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAGGTCCTCATGGCCCTTATGGGTAGGGCT
ACACACGTCATACAATGGCCGGTACAGAGGGCTGCCAACCTGCGAGGGGGAGCCAATCCCAGAAAACCGGTCGTAGTCCGGATCGCAGT
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CTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGCACACACCGC
CCGT 
>Q1_A_41_36D05.F 
GCTCAACCCGGGAATTGCTTTTAAGACTGGCGGGCTTGAATCCGGAAGAGGGCAGTGGAATTCCCAGTGTAGAGGTGAAATTCGTAGAT
ATTGGGAAGAACACCAGTGGCGAAGGCGACTGCCTGGTCCGGCATTGGCGCTCATGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATA
CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGTTGTTGGGGTGCTTGCACTTCAGTGACGCAGCTAACGCATTAAGCACTCCGCCT
GGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG
CAGAACCTTACCAACCTTTGACATGGGAACTATGGTCGCCAGAGATGGCTTCCTTCACTTCGGGTGGGTTCCACACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCATCTTCAGTTGCCATCAGGTTAAGCTGGGCA
CTCTGAAGAAACTGCCGGTGACAAGCCGGAGGAAGGTGGGAATGACGTCAAGTCCTCATGGCCCTTACAGGTGGGGCTACACACGTCAT
ACAATGGACGGTACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGA
CTGCGTGAAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCTCGGGTCTTGCACACACCGCCCGT 
>Q1_A_42_44D06.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGATGTAAGACAGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTTGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAATTGCGCAGAGATGTGCAAGTGCTCGAAAGAGAGCCGTAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTG
GGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACG
TCATACAATGGCCCGGTACAGAGGGTCGCCAAGCCGCGAGGTGGAGCCAATCTCATAAAACCGATCGTAGTCCGGATCGCACTCTGC 
>Q1_A_43_52D07.F 
CCTGGGAGCTGCACTTGTGGCTGCAAGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGG
AGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGCCTTCACTGGCTCAGTAACGAAGCTAACGCGTGGAGTTGACCGCCTGGGGAG
TACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAAC
CTTACCCACCTTTGACATGTACGGAACCCTTTAGAGATAGAGGGGTGCTCGAAAGAGAGCCATAACACAGGTGCTGCATGGCTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAATGAGA
CTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCTGG
TACAAAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCATAAAGCCAGTCGTAGTCCGGATCGTAGTCTGCAACTCGACTGCGTGAAGT
CGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_A_44_60D08.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGATGTAAGACGGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTCGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTACATATGCGGAAGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCTACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTCACTGACTCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
CGCAACGCGCAGAACCTTACCTGGTCTTGACATCCTAGGAATCCGCCAGAGATGGTGGGGTGCCCGTAAGGGAACCTAGAGACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCTCTATCGTTAGTTGCCATCACTCAGTT
GGGCACTCTAGCGAGACTGCCGGCGTCAAGCCGGAGGAAGGTGGGGGATGACGTCAAGTCCTCATGGCCTTTATGACCAGGCTACACAC
GTGCTACAATGCCGGTACAAAGGGTCGCCAAGTCGC 
>Q1_A_47_84D11.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTCTTGTAAGACAGGTGTGA
AATCCCCGGGCTTAACCTGGGAGCTGCACTTGTGACTGCAAGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGCCTTCACTGGCTCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAACCCTTTAGAGATAGAGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTAG
GGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACG
TCATACAATGGCTGGTACAAAGGGTTGCCAACCGC 
>Q1_A_48_92D12.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGATGTAAGACAGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTTGTGACTGCATGACTGGAGTGCGGCAGAGGGAGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCTCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGACGGCTTGCTGTTCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGCCAGGAACTTGCCAGAGATGGCTTGGTGCTCGAAAGAGAGCCTGGACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGAAAGGGCA
CTCTAATGAGACTGCCGGTGACAAACCGGAGGACGTGGGGATGACATCAGTCCTCATGGCCCTTATGGGTAGGGCTACACACGTCATAC
AATGGCCGGTACAGAGGGCTG 
>Q1_B_1_05E01.F 
TGACATAGAACACCAGTTGCGAAGGCAGCTTGCTACACAACGATTGACACTGAGGCACGAAAGCGTGGGGATCAAACAGGATTAGATAC
CCTGGTAGTCCACGCCCCTAACGATGGATACTCGACATCAGCGATACACAGTTGGTGTCTGAGCGAAAGCATTAAGTATCCCACCTGGG
AAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGGCGGGGGTCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGG
AACCTTACCTGGGCTAGAATGCTGGGAGACCGTCCCTGAAAGGGGATTTTGTAGCAATACACTGCCAGTAAGGTGCTGCATGGCTGTCG
TCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCATTAGTTGCCAACAGGTTAAGCTGGGAACTCTAA
TGAAACTGCCGTCGCAAGACGTGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGGGCTACACACGTGCTACAATG
GGGCGTACAAAGGGCTGCAACGTAGCGATATGAAGCCAATCCCAAAAAACGCCTCTCAGTTCAGATTGGAGTCTGCAACTCGACTCCAT
GAAGCTGGAATCGCTAGTAATCGTATATCAGCAATGATACGGTGAATACGTTCCCGGACCTTGCACACACCGCCCGT 
>Q1_B_2_13E02.F 



 139 

CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTACGCAGGCGGCTTTGCAAGACAGGTGTGA
AATCCCCGGGCCTAACCTGGGAACTGCATTTGTGACTGCATAGCTAGAGTCTGTCCGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAAGAACACCGACGGCGAAGGCAGCCCCCTGGGATAAGACTGACGCTCATGTACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCTACTAGTTGTCGGGGGGTAACTCCTTCGGTAACGCAGCTAACGCGTGAAGT
AGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTG
CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTTGCCGATAGTTGCTACGAAAGGG
CACTCTATCGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATG 
>Q1_B_3_21E03.F 
CAGTGTAGAGTGAAATCGTAGATATGGGAAGAACACCGGTGTGAAGGCGGCCATCTGGACGGACACTGACGCTGAGGCGCGAAAGCGTG
GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGACGTCGGGGTGCATGCACTTCGGTGTCGCCGCT
AACGCATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT
GGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTTGACATGTCCACTATGGTCGTCAGAGATGGCGTCCTTCAGTTCGGCTGGG
TGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTACCGTCAGTT
GCCATCATTCAGTTGGGCACTCTGGTGGAACCGCCGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTATGG
GTTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGAAGCGAAGTCGCGAGATGGAGCCAATCCCCAAAAGCCGTCTCAGTTCGGA
TCGTACTCTGCAACTCGAGTGCGTGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTAC
ACACCGCCCGT 
>Q1_B_4_29E04.F 
AGATGTGAAATCCCCGAGCTCAACTTGGGAACTGCGTTTGGAACTGTTTAACTAGAGTGCGTCAGAGGGGGGTGGAATTCCGCGTGTAG
CAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATGACACTGACGCTCATGCACGAAAGCGTGGGGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTGGGGGTTTGAATCCTTGGTAGCGTAGCTAACG
CGTGAAATTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTT
TAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAACCCTCTAGAGATAGAGGGGTGCTCGAAAGAGAGCCGTAAC
ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACA
TTCAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGC
TACACACGTCATACAATGGCTGGTACAAAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCATAAAGCCGGTCGTAGTCCGGATCGTAG
TCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCG
CCCGT 
>Q1_B_5_37E05.F 
CAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCGCGTAGGCGGTGATCCATGTCAGAGGTGA
AAGCCTGGGGCTCAACTCCAGAATTGCCATTGAAACGGGATCGCTAGAGTCCGAGAGAGGATGGCGGAATTCCTAGTGTAGAGGTGAAA
TTCGTAGATATTAGGAAGAACACCGGTGGCGAAGGCGGCCATCTGGCTCGGTACTGACGCTCAGGCGCGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGTTGTTGGGAAGTTTACTTCTCAGTGACGCAGCTAACGCGTTAAGC
ACTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCGGCCCTTGACATGGGTGTCGCGAGTCCCAGAGACGGGACTCTTCAGTTCGGCTGGACACCACACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTCAGTTGCCATCATTTAG
TTGGGCACTCTGAAGAAACCGCCGGTGACAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGGCCGGGCTACAC
ACGTGCTGCAATGGTGACTACAGAGGGCAGCGAGCGTGCGAACGCAAGCTAATCCCAAAAAGTCATCTCAGTTCGGATTGTTCTC 
>Q1_B_6_45E06.F 
TCAACCTGAGAACTGCATTCGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATAT
GCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGTCTTCGCTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGG
GGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGTACGGAATCCTGCAGAGACGCAGGAGTGCTCGAAAGAGAACCGTAACACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAAT
GAGGCTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGG
ACGGTACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTG
AAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_8_61E08.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTGTGTAAGTCTGATGTGA
AAGCCCCGGGCTCAACCTGGGAACGGCATTGGAGACTGCACGGCTAGAGTGCGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATATCCTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTGGGGGTTTGAATCCTTGGTAGCGTAGCTAACGCGTGAAAT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCTTACCTGCTCTTGACATGTCCGGAACCTCGCAGAGACGCGAGGGTGCCCGAAAGGGAGCCGGAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCCATCATTTGGTT
GGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACAC
GTACTACAATGGGCGGTACAGAGGGAAGCGAGGGGGTGACCCGGAGCCAACCCCAAAAAGCCGCTC 
>Q1_B_9_69E09.F 
CTGCGTTTGTGACTGTAAGACTCGAGTGTGGCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAACAC
CGATGGCGAAGGCAGCCCCCTGGGTCAACACTGACGCTCATGCACGAAAGCGTGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCAC
GCCCTAAACGATGCGAACTAGGTGTTGGAGAAGGAGACTTCTTTAGTACCGCAGCTAACGCGTGAAGTTCGCCGCCTGGGGAGCACGGT
CGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACC
TACCCTTGACATGCAGGAACTTTCCAGAGATGGATTGGTGCCCGAAAGGGAGCCTGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGCAAGAGCACTCTAATGAGACTGCCGGTGAC
AAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTT
GCCAAGCCGCGAGGTGGAGCCAATCCCAGAAAGCCGATCGTAGTCCGGATCGTAGTCTGCAACTCGACTACGTGAAGTCGGAATCGCTA
GTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_B_10_77E10.F 
GTAGCTAGAATCTGGAGAGGCGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGACGAAGGCGACT
CGCTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAA
CTAGCTGTCCGGGCACTTGGTGCTTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAA
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AGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCCTTTGACATCCCGCG
CTACTTCCAGAGATGGAAGGTTCCCTTCGGGGACGCGGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA
AGTCCCGCAACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGAAACCGCCGGTGATAAGCCGGAGGAAGG
TGGGGATGACGTCAAGTCCTCATGGCCCTTACAGGCTGGGCTACACACGTGCTACAATGGCGGTGACAGCGGGCAGCCACTTCGCAAGA
AGGCGCTAATCCCGAAAAGCCGTCCCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAG
CATGCCGCGGTGAATACGTTCCCAGGCCTTGCACACACCGCCCGT 
>Q1_B_11_85E11.F 
CAGCAGCCGCGGTAATACGTAGGGGGCAAGCGTTGTCCGGATTTACTGGGTGTAAAGGGCGCGTAGGCGGGTCTTTAAGTCAGTGGTGA
AATCCTGCAGCTTAACTGCAGAACTGCCATTGATACTGAAGATCTTGAGTGCGGAAGAGAGAGATGGAATTCCAGGTGTAGTGGTGAAA
TACGTAGATATCTGGAAGAACACCAGTTGCGAAGGCGATCTCTTGGTCCGATACTGACGCTGAGGCGCGAAAGCGTGGGTAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCTGTAAACGATGAATACTAGGTGTTGGGTCGCAAGATTCAGTGCCGCAGCAAACGCATTAAGTAT
TCCACCTGGGGAGTACGATCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGTGGAGCATGTGGTTTAATTCGATG
CAACGCGAAGAACCTTACCTAGGCTTGAAAAGCAAGTGACAGGCTGTGAAAGCAGCTTTCCCGCAAGGGCACTTGTACAGGTGCTGCAT
GGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTACCATTAGTTGCCATCAGGTAAAGCTGAG
CACTCTAATGGGACTGCCTACGCAAGTAGTGAGGAAGTGGGGATGACGTCAAGTCCGCATGGCCCTTACGCCTAGGGCTACACACGTGC
TACAATGGATACAACAACGGGTTGCTAAGCGC 
>Q1_B_12_93E12.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTGATGTAAGACAGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTTGTGACTGCATCGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAATTGCGCAGAGATGTGCAAGTGCTCGAAAGAGAACCGTAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTTAGTT
G 
>Q1_B_13_06F01.F 
CGAACCGAGCTACGCAATAGTACCCCGCCTGGGAAGTACGGTCGCAGACTAAACTCAAAGGAATTGACGGGGGCCCGCACAGCGGTGGA
TCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGGTTTGACATCTCCGGACATCCGTAGAGATACGGCTTTCGTAGCAATA
CGACCGGAAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTGGTGACATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTT
AGTTGCCAGCATTCAGTTGGGCTCTCTAAGGAGACTGCCGTGGTTAACACGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTT
ATATCCAGGGCGACACACGTGATACAATGGACGGTACAAAGGGACGCGAACCCGCGAGGGGGAGCTAATCTCAAAAAACCGTTCTCAGT
TCGGATTGGAGTCTGCAACTCGACTCCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCT
TGCACACACCGCCCGT 
>Q1_B_15_22F03.F 
CGAGCTTAACTTGGGAATTGCGTTTGGAACTGAGCATCTAGAGTCTGTCAGAGGGGGATGGAATTCCACGTGTAGCAGTGAAATGCGTA
GAGATGTGGAGGAACACCGATGGCGAAGGCAGTCCCCTGGGATAAGACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTGGGTGTTGGGGTAGCAATACCTCAGTGACGCAGCTAACGCGTGAAGTAGACCG
CCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGATTATGTGGATTAATTCGATGCAAC
GCGAAAAACCTTACCTGGCCTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCAT
GGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCGATAGTTGCTACATTCAGTTGAGCAC
TCTATTGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGCCAGGGCTTCACACGTAATA
CAATGGTCGGTACAGAGGGTCGCCAACCCGCGAGGGGGAGCTAATCTCAGAAAGCCGATCGTAGTCCGGATTGCAGTCTGCAACTCGAC
TGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGCACACACCGCCCGT 
>Q1_B_16_30F04.F 
CAGCAGCCGCGGTAATACGAGGGGGGCGAGCGTTGTTCGGAATTATTGGGCGTAAAGGGTGCGTAGGCGGTTTGGTAAGTCTGATGTGA
AATCTATGGGCTCAACTCATAGTCTGCATCGGAAACTGCCGGGCTTGAGTGTGGGAGAGGTGAGTGGAATTCCTGGTGTAGCGGTGAAA
TGCGTAGATATCAGGAGGAACACCTGTGGCGAAAGCGGCTCACTGGACCATAACTGACGCTGATGCACGAAAGCTAGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCTAGCCCTAAACGATGACTGCCTGGTGTGACGGGTACCCAATCCCGCCGTGCCGTAGCTAACGCGTTAA
GCAGTCCGCCTGGGGAGTACGGTCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTC
GACGCAACGCGAAGAACCTTACCTGGGCTCGAAATGCTATGGACCGGAGTAGAAATATTCCTTCCCCGCAAGGGGCCGTAGTATAGGTG
CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCTTCAGTTGCTACCATTTAGT
TGAGCACTCTGACGAAACCGCCTCGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTTATGTCCAGGCTACACAC
GTGCTACAATGGCCGGTACAAACCGTCGCAAACCCGTGAGGGGAGCCAATCGGAAAAGCCGGCCTCAGTTCGGATTGGAGTCT 
>Q1_B_18_46F06.F 
GATGGCGAAGGCAGCCCCCTGGGATAAGACTGACGCTCATGTACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG
CCCTAAACGATGTCTACTAGTTGTCGGGGGGTAACTCCTTCGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTACGGTCGC
AAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTAC
CCTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCGTTAATTGCCATCATTTAGTTGGGCACTTTAACGAGACTGCCGG
TGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAG
GGCTGCCAACCCGCGAGGGGGAGCCAATCCCAGAAAACCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATC
GCTAGTAATCGCGGATCAGCTTGCCGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_19_54F07.F 
GGGAACTGCCTTTGAAACTAGGTAACTAGAATCTTGGAGAGGTCAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAG
AACACCAGTGGCGAAGGCGACTGACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGATAACTAGCTGTCCGGGCACTTGGTGCTTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTA
CGGTCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCT
TACCAGCGTTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTCAGTTCGGCTGGATGAGTGACAGGTGCTGCATGGCTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGGGCGCAACCCTCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGAA
ACCGCCGGTGATAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACACGCTGGGCTACACACGTGCTACAATGGCGG
TGACAGTGGGCAGCAAACTCGCGAGAGTGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGG
CGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGATGAATACGTTCCCAGGCCTTGTACACACCGCCCGT 
>Q1_B_20_62F08.F 
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AACCTGGGAACTGCGTTTGTGACTGTGCGACTAGAGTACGGCAGAGGGAGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGT
GGAGGAACACCGATGGCGAAGGCAGCCTCCTGGGCCAGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCCTAAACGATGTCGACTAGTTGTTCGGGGAGGAGACCCCTTGAGTGACGCAGCTAACGCGTGAAGTCGACCGCCTGG
GGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAA
AAACCTTACCTACCCTTGACATGCCTGGAACTTGCCAGAGATGGCTTGGTGCCTTCGGGAGCCAGGACACAGGTGCTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCACTAGTTGCCACCATTCAGTTGGGCACTCTCGTG
AGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGT
CGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCCAATCCCAGAAAGCCGATCGTAGTCCGGATCGTAGTCTGCAACTCGACTACGTGA
AGTCGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_21_70F09.F 
TGCATTTGTGACTGCATAGCTAGAGTCTGTCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAAGAACACC
GATGGCGAAGGCAGCCCCCTGGGATAAGACTGACGCTCATGTACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG
CCCTAAACGATGTCTACTAGTTGTCGGGGGGTAACTCCTTCGGTAACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTACGGTCGC
AAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTAC
CCTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTG
TCGTGGGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAATGAGACTGCCGGT
GACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGACGGTACAAAGG
GCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCG
CTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_22_78F10.F 
TGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCCGGGCG
TGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTT
GGGTCTTCACTGACTCAGTAACGAAGCTAACGCGTAAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGAC
GGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACATGTACGGAATCCTGCAG
AGACGCAGGAGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTGTCATTAGCTGCTACATTCAGTTGGGCACTCTAATGAGACTGCCGGTGTTAAACCGGAGGAAGGTGGGGATGA
CGTCAAGTCCTCATGGCCTTTATGACTAGGGCTGCACACGTCCTACAATGGCATGTACAAAGGGATGCAAACTCGCGAGAGCAAGCAAA
TCCCAAAAAACATGCCCCAGTTCGGATTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAGTAATCACGGGTCAGCATACCGC
GGTGAATGTGTTCCTGAGCCTTGTACACACCGCCCGT 
>Q1_B_23_86F11.F 
GCAGAGGGGGGTGGAATTCCGCGTGTAGCAGCGAAATGCGTAGAGATGCGGAGGAACACCGATGGCGAAGGCAGTCCCCTGGGCCAACA
CTGACGCTCAGGCACGAAAGCGTGGGGAGCAGACAGGATTAGATACCCTGGTAGTCCACGCCCCAAACGATGTCAACTGGGTGTTGGGG
GAGAGATCCCTTGGTACCGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGG
ACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAACAACCTTACCTACCCTTGACATGTCCGGAAGCCTGCTGAGAG
GTGGGTGTGCCCGAAAGGGAACCGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTGTCCCTAGTTACTACGCAAGGGCACTCTAGGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGT
CCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGACGGTACAGAGGGTTGCCAACCCGCGAGGGGGAGCCAATCCCAGAA
AGCCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATA
CGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_B_24_94F12.F 
CAGCAGCCGCGGTAATACGGGGGGGGCAAGCGTTGTTCGGAATTACTGGGCGTAAAGGGCTCGTAGGCGGCCAACTAAGTCATACGTGA
AATCCCTCGGCTTAACCGGGGAACTGCGTCTGATACTGGATGGCTTGAGTTCGGGAGAGGGATGCGGAATTCCAGGTGTAGCGGTGAAA
TGCGTAGATATCTGGAGGAACACCGGTGGCGAAGGCGGCATCCTGGACCGATACTGACGCTGAGGAGCGAAAGCCAGGGGAGCAAACGG
GATTAGATACCCCGGTAGTCCTGGCCCTAAACGATGAATGCTTGGTGTGGCGGGTATCGACCCCTGCCGTGCCGAAGCTAACGCATTAA
GCATTCCGCCTGGGGAGTACGGTCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTCAATTC
GACGCAACGCGAAGAACCTTACCCAGGCTTGAACAGCGAGTGACCACTTCCGAAAGGAAGCTTCCGCAAGGACACTCGTAGAGGTGCTG
CATGGCTGTCGTCAGCTCGTGTCGCGAAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTCTGTTGCCATCAGGTTATGC
TGGGCACTCTGAAGAGACTGCCGGTGATAAACGGAGAGGTGGGGATGACGTCAAGTCAGCATGGACTTTATGTCTGGGGCTACACACGT
GCTACAATGGCAGATACA 
>Q1_B_25_07G01.F 
GGTAACTAGAATCTGGAGAGGTCAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGCGAAGGCGACT
GACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTACACGCCGTAAACGATGATAA
CTAGCTGTCCGGGCACTTGGTGCTTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAA
AGGAATTGACGGGGGCCTGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCGTTTGACATCCTCGT
CGCGATTTCCAGAGATGGATTTCTTCAGTTCGGCTGGATGAGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGG
GTTAAGTCCCGCAACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGAAACCGCCGGTGATAAGCCGGAGG
AAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACACGCTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGCAGCAAACTCGC
GAGAGTGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_26_15G02.F 
CAGCAGCCGCGGTAATACGTAGGGTGTGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTAATGTAAGACAGTTGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATCTGTGACCGCATTGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAA
TGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCGCGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAGTAACGAAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGCCAGGAATCCTGCAGAGATGTGGGAGTGCTCGAAAGAGAACCTGGACGCAGGTGC
TGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGAAAGGGCA
CTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAGGTCATCATGGCCCTTATGGGTAGGGCTACACACGTCAT
ACAATAGCCGGGACAGAGGGCTGCCAACCCGCGAGGGGGAGCTAATCCCAGAAA 
>Q1_B_27_23G03.F 
GTGGCTCAACCACAGAATGGCCTTCGATACTGGGACGCTTGAGTATGGCAGAGGTTGGTGGAACTGCGAGTGTAGAGGTGAAATTCGTA
GATATTCGCAAGAACACCGGTGGCGAAGGCGGCCAACTGGACCATTACTGACGCTGGGGCGCGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGATGAATGCCAGCTGTTGGGGTGCTTGCACCTCAGTAGCGCAGCTAACGCTTTGAGCATTCCG
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CCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC
GCGCAGAACCTTACCATCCTTTGACATGGCGTGTTATGGGGAGAGATTCCCAGTCCTCTTCGGAGGCGCGCACACAGGTGCTGCATGGC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGCTAAGTCCCGCAACGAGCGCAACCCACGTCCTTAGTTGCCATCATTCAGTTGGGCACTC
TAGGGAGACTGCCGGTGATAAGCCGCGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGGATGGGCTACACACGTGCTAC
AATGGCGGTGACAGTGGGACGCGAAGGGGCGACCTGGAGCAAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGGGTG
CATGAAGGCGGAATCGCTAGTAATCGTGGATCAGCATGCCACGGTGAATACGTTCCCGGGCCTTGCACACACCGCCCGT 
>Q1_B_28_31G04.F 
AACCTGGGAACTGCGTTTGTGACTGTGCGACTAGAGTACGGCAGAGGGAGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGT
GGAGGAACACAGATGGCGAAGGCAGCCTCCTGGGCCAGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTGGTCCACGCCCTAAACGATGTCGACTAGTTGTTCGGGGAGGAGACTCCTTGAGTGACGCAGCTAACGCGTGAAGTCGACCGCCTGG
GGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGTACGGAATCCTGCAGAGACGCAGGAGTGCTCGAAAGAGAACCGTAACACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTTGGGCACTCTAAT
GAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGG
ACGGTACAAAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCATAAAACCGTTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTG
AAGTCGGAATCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGCACACACCGCCCGT 
>Q1_B_29_39G05.F 
AACTTGGGAACTGCGTTTGGAACTGTTTAGCTAGAGTGCGTCAGAGGGGGGTGGAATTCCGCGTGTAGCAGTGAAATGCGTAGAGATGC
GGAGGAACACCGATGGCGAAGGCAGTCCCCTGGGATGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCCTAAACGATGTCAACTAGCTGTTGGGGGTTAGAATCCTTGGTAGCGCAGCTAACGCGTGAAGTTGACCGCCTGGGG
AGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAGA
ACCTTACCTGCTCTTGACATGCACGGAACTTGCCAGAGATGGCTTGGTGCCCGAAAGGGAGCCGTAACACAGGTGCTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCCATCATTAAGTTGGGCACTCTAATG
AGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGAGCAGGGCTTCACACGTCATACAATGGT
CGGTACAGAGGGTTGCCAAACCGCGAGGTGGAGCTAATCTCTTAAAGCCGATCGTAGTCCGGATTGGAGTTTGCAACTCGACTCCATGA
AGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT 
>Q1_B_30_47G06.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGCTTTTTAAGCCAGATGTGA
AATCCCCGGGCTTAACTTGGGAACTGCATTTGGAACTGGAAGGCTAGAGTGCGGCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGTCGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGAGGAGTGAAATCCTTTAGTAACGAAGCTAACGCGTGAA
GTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTC
GATGCAACGCGAAGAACCTTACCTACCCTTGACATGTCCGGAACTTGCCAGAGATGGCTTGGTGCCCGAAAGGGAACCGGAACACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCTACGCAAGAG
CACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTC
ATACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCCGATCCCACAAAGCCGATCGTAGTCCGGATTG 
>Q1_B_31_55G07.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTTGTAAGCCAGATGTGA
AATCCCCGGGCTTAACCTGGGAATGGCATTTGGGACTGCAAGGCTTGAGTGCGGCAGAGGAGACTGGAATTCCTGGTGTAGCAGTGAAA
TGCGTAGATATCAGGAGGAATACCGATGGCGAAGGCAGGTCTCTGGGCTGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCCGGTAGTCCACGCCCTAAACGATGTCGACTGGTTGTTGGGGGTTTGACACTCTCAGTAACGAAGCTAACGCGTGAAG
TCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATTATGTGGATTAATTCG
ATGCAACGCGAAAAACCTTACCTACCCTTGACATGTCCTGAAGCCCGGTGAGAGCTGGGTGTGCCCGAAAGGGGACGGGAACACAGGTG
CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACATTCAGTT
GGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACAC
GTAATACAATGGCGCGTACAGAGGGTTGCCAAGGGGTGACCTGGAGCCAATCCCGCAAAGCGCGTC 
>Q1_B_32_63G08.F 
GCGTTTGGAACTGAGCATCTAGAGTCTGTCAGAGGGGGATGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAACACCG
ATGGCGAAGGCAGTCCCCTGGGATAAGACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC
CCTAAACGATGTCGACTGGGTGTTGGGGTAGCAATACCTCAGTGACGCAGCTAACGCGTGAAGTAGACCGCCTGGGGAGTACGGTCGCA
AGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGATTATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTGGC
CTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCGATAGTTGCTACATTCAGTTGAGCACTCTATTGGGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGCCAGGGCTTCACACGTAATACAATGGTCGGTACAGAGGG
TCGCCAACCCGCGAGGGGGAGCTAATCTCAGAAAGCCGATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGC
TAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGCACACACCGCCCGT 
>Q1_B_33_71G09.F 
ATCACGCGTTGGGAGCTCTCCCATATGGTCGACCTGCAGGCGGCCGCGAATTCACTAGTGATTCAGGATTAGATACCCTGGTAGTCCAC
GCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAGTAGCGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCG
CAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTA
CCCTTGACATGCCTGGAATCCTGCAGAGATGTGGGAGTGCCCGAAAGGGAGCCGGGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTTCCGCAACGAGCGCAACCCTTGCCACTAGTTGCTACGAAAGGGCACTCTAATGGGACTGCCGGTGACA
AACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTACACACGTCATACAATGGCTGGTACAGAGGGTTG
CCAACCCGCGAGGGGGAGCTAATCCCATAAAACCAGTCGTAGTCCGGATCGTAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAG
TAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_B_34_79G10.F 
GCGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATG
ACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGACACCCTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTG
GGGGTTTGAATCCTTGGTAGCGTAGCTAACGCGTGAAATTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACG
GGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTGCTCTTGACATGTCCGGAACCTCGCAGA
GACGCGAGGGTGCCCGAAAGGGAGCCGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCA
ACGAGCGCAACCCCTGTGTCCTGTTGCCACCCGGCCGAGAGGCTGGAGCACTCTGGACAGACTGCCTCGCTTAAACGAGGAGGAAGGTG
GGGATGACGTCAAGTCAGTATGGCCCTTACGGCCAGGGCTGCACACGTACTACAATGCCCGGTACAAAGGGAAGCTAGACCGTCAGGTG
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GAGCAAATCCCCCAAAACCGGGCCCAGTTCAGATTGTCGTCTGCAACTCGACGGCATGAAGCTGGAATCGCTAGTAATGGCGCATCAGC
TACGGCGCCGTGAATACGTTCCCAGGCCTTGCACACACCGCCCGT 
>Q1_B_35_87G11.F 
TGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGCTCTTGACATGTACGGAACTTGCCAGAGATGGCTTGGTGCCCGAAAGGGAG
CCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGT
TGCCATCATTAAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATG
AGCAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTTGCCAAACCGCGAGGTGGAGCTAACCTCTTAAAGCCGATCGTAGTCCG
GATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGT
ACACACCGCCCGT 
>Q1_B_36_95G12.F 
CAAGATAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTCAATTCGAAGCAACGCGCAGAACCTTACCAGC
CCTTGACATGTCCCGTATAGATTCCAGAGACGGAATCCTTCAGTTCGGCTGGCGGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCATCATTTAGTTGGGCACTCTAAGGGGACTGCCG
GTGATAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGCGGTGACAGA
GGGATGCAAAAGGGCAACCTTTCGCAAATCTCAAAAAGCCGTTTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTTGGAATC
GCTAGTAATCGCAGATCAGCACGCTGCGGTGAATACGTTCCCGGGCCTTGCACACACCGCCCGT 
>Q1_B_37_08H01.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGCTATGTAAGACAGGTGTGA
AATCCCCGAGCTTAACTTGGGAATTGCATTTGTGACTGCATGGCTAGAGTGTGTCAGAGGGAGGTGGAATTCCACGTGTAGCAGTGAAA
TGCGTAGATATGTGGAGGAACACCAATGGCGAAGGCAGCCTCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGTCAATACTGACTTGGTAACGTAGCTAACGCGTGAAGT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCTTACCTACCCTTGACATGGCAGGAACTTTCCAGAGATGGATTGGTGCTCGAAAGAGAACCTGCACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGAAAGGGCA
CTCTAATGAGACTGCCGGTGACAAACCGGAGGAGTGGGGATGACGTCAGTCCTCATGGCCCTTATGGGTAGGCTTCACACGTCATACAA
TGGTCGGTACAGAGGGTTGCCAAG 
>Q1_B_39_24H03.F 
CAGCAGCCGCGGTAATACGAGGGGTGCAAGCGTTATTCGGAATTATTGGGCGTAAAGGGTGTGTAGGTGGCATGTTAAGTCTGTTGTTT
AATCTCCCGGCCTAACTGGGAAATCGCAATGGAAACTGGCAAGCTAGAGGGTGAGAGAGAGAAGTGGAATTCTCGGAGTAGCGGTAAAA
TGCGCAGATATCGAGAGGAACACCGATGGCGAAGGCAGCTTCTTGGCTCACTTCTGACACTGAAACACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGATGCTAGCCGTTGGAAAGCTTGCTTTTCAGTGGCGCAGCTAACGCTTTAAGC
ATCCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAACTCGA
AGCAACGCGCAGAACCTTACCAGCTTTTGACATGCCCTGGACGGATAGCAGAGATGCTTTCCTCTCTTCGGAGCCGGGGACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCATCATTCAGTT
GGGCACTCTAGGGGGACTGCCGGTGATAAGCCGCGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACAAGCTGGGCTACACA
CGTGCTACAATGGCGGTGACAATGGGAAGCGAACGGGTGACCCGGAGCAGATCTCCAAAAGCCGTC 
>Q1_B_40_32H04.F 
CAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTGTGCAAGTCTGATGTGA
AAGCCCCGGGCTCAACCTGGGAACGGCATTGGAGACTGCACGGCTAGAGTGCGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAATTAGCTGTTGGGGGTTTGAATCCTTGGTAGCGTAGCTAACGCGTGAAAT
TGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCTTACCTGCTCTTGACATGTCCGGAACCTCGCAGAGACGTGAGGGTGCCCGAAAGGGAGCCGGAACACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCCATCATTTGGTT
GGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGAGCAGGCTTCACACGT
CATACATGGTCGGTACAGAGGGTCGCCAAGCCGCGAGGTGAGCCAATCTCATAAAACCGATCGTAGTCG 
>Q1_B_41_40H05.F 
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTAGTAAGACAGGCGTGA
AATCCCCGGGCTCAACCTGGGAACTGCGCTTGTGACTGCTAAGCTAGAGTACGGCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAA
TGCGTAGAGATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGCCGATACTGACGCTCATGCACGAAAGCGTGGGTAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGGTGTTGGGTGGGTAAAACCATTTAGTGCCGCAGCTAACGCATTAA
GTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTC
GACGCAACGCGAAGAACCTTACCTGGGCTTGACATCCCGGGAATCCCCTGGAAACAGGGGAGTGCCTCCGAAAGGGGGAGCCCGGAGAC
AGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGTCCTTAGTTGCCAGCAT
TCAGTTGGGCACTCTAAGGAGACTGCCGGTGTTAAACCGGAGGAAGGTGGGGATGACGTCAGTCCTCATGGCTTTATGCCCAGGCTACA
CACGTGCTACAATGGCCGGTACAAAGGGCTGCAATCCCGCGAGGGGGGAGCGAATCCCAAAAAGCCGGTC 
>Q1_B_42_48H06.F 
CTCAACTCGGAGTCTGCAGGAGAAACTGCCGTGCTTGAGTATGGGAGAGATGAGTGGAATTCCTGGTGTAGCGGTGAAATGCGTAGATA
TCAGGAGGAACACTGTGGCGAAAGCGGCTCACTGGACCATTACTGACGCTGAGGCGCGAAAGCTAGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCTAGCCCTAAACGATGATTGCTTGGTGTGGCAGGTACCCAATCCTGCTGTGCCGCAGCTAACGCGTTAAGCAATCCGCCT
GGGGAGTACGGTCGCAAGGCTGAAACTCAAAGGAATTGACGGGGCCCGCACAAGCGGTGGAGCATGTGGTTCAATTCGACGCAACGCGA
AGAACCTTACCTGGGCTCGAAGCGCAGTGGACCGGGGTGGAAACATCCCTTTCCGCAAGGACTGCTGCGTAGGTGCTGTATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTGCCAGTTGCCACCATTCAGTTGGGCACTCTGGCG
AAACTGCCCCGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCTTTATGTCCAGGGCTACACACGTGCTACAATGGC
CGGTACAAACCGTCGCAAACCCGCGAGGGGGAGCTAATCGGAAAAAGCCGGCCTTAGTTCGGATTGGAGTCTGCAACTCGACTCCATGA
AGCTGGAATCGCTAGTAATCGCGGATCAGAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT 
>Q1_B_44_64H08.F 
CGCTTGTGACTGCAAGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGA
TGGCGAAGGCAATCCCCTGGGCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCC
TAAACGATGTCAACTGGTTGTTGGGTCTTAACTGACTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAG
GTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTT
TGACATGTACGGAACTTGCCAGAGATGGCTTGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGT
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACGAAAGGGCACTCTAATGGGACTGCCGGTGACAAACC
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GGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAA
CCCGCGAGGGGGAGCCAATCCCATAAAGCCGGTCGTAGTCCGGATCGCAGTCTGCAACCCGACTGCGTGAAGTCGGAATCGCTAGTAAT
CGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGT 
>Q1_B_45_72H09.F 
CATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTCGGGTCTTAATTG
ACTTGGTAACGCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCAC
AAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGTACGGAACCCTGCTGAGAGGTGGGGGT
ACTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGG
CCTTTATGACCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTCGCCAAGTCGCGAGACGGAGCTAATCCCATAAAACCGGTC
TCAGTTCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGT 
>Q1_B_47_88H11.F 
GATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGTACTGACGCTC
ATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGACGGCTTGCTG
TTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACA
AGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGGCATGCCAGGAATCTTGCAGAGATGTGAGAGTG
CTCGAAAGAGAACCTGGACACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACC
CTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGC
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGGGCTGCCAACCCGCGAGGGGGAGCTAATCCCAGAAAGCGCGTCG
TAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGG
GTCTTGCACACACCGCCCGT 
>Q1_B_48_96H12.F 
AGCGGGTGAAATGCTTAGATATGACATAGAACACCAGTTGCGAAGGCAGCTTGCTACACAACGATTGACACTGAGGCACGAAAGCGTGG
GATCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGATACTCGACATCAGCGATACACAGTTGGTGTCTGAGCGAAAG
CATTAAGTATCCCACCTGGGAAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGGCGGGGGTCCGCACAAGCGGTGGAGCATGTGGTT
TAATTCGATGATACGCGAGGAACCTTACCTGGGCTAGAATGCTGGGAGACCGTCCCTGAAAGGGGATTTTGTAGCAATACACTGCCAGT
AAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCATTAGTTGCCAACA
GGTTAAGCTGGGAACTCTAATGAAACTGCCGTCGCAAGACGTGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCAGG
GCTACACACGTGCTACAATGGGGCGTACAAAGGGCTGCAACGTAGCGATATGAAGCCAATCCCAAAAAACGCCTCTCAGTTCAGATTGG
AGTCTGCAACTCGACTCCATGAAGCTGGAATCGCTAGTAATCGTATATCAGCAATGATACGGTGAATACGTTCCCGGACCTTGCACACA
CCGCCCGT 
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