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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 bacteria 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 aso
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
microbia 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 itsimpact 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 criterid s to better understand the fate of pollutants and to identify indigenous

microbial potential to assist environmental restoration.
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RESUMEN

Laislade Viegues (Puerto Rico) fue utilizada por la Marina de los Estados Unidos como
lugar de préactica militar siendo objeto de continuos bombardeos por un periodo
aproximado de 60 afos, dgjando toneladas de municiones sin detonar en ambientes
marinos y terrestres. El presente estudio pretende explorar, €l 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 adicién de explosivo, con adiciéon de 2,4-DNT o RDX,
adicion de 2,4-DNT o RDX y una fuente de carbono, y esterilizacion con adicion de 2,4-
DNT o RDX y unafuente de carbono) y dos condiciones de oxido-reduccién (aerdbicas y
sulfato reductoras) durante un periodo de 32 dias. El efecto de los explosivos en la
comunidad microbiana se determino por medio del andisis de correspondencia de los
perfiles del T-RFLP y a través del la clonacion y posterior secuenciacion del gen 16s
rRNA. Las comunidades microbianas del suelo poseen la capacidad metabdlica para
mineralizar 2,4-DNT bago condiciones aerébicas, como sugiere la evidencia de
disminucion de 2,4-DNT acoplada con la produccion de estequiométrica de nitrito. Los
cambios especificos en la comunidad microbiana durante el periodo activo de la
degradaciéon de 2,4-DNT (dia 8 a 16) sugieren un enriquecimiento de los posibles
degradadores. Adicionamente, la comparacion de las librerias de clones de los
microcosmos de suelo del dia 8, con y sin la adicién de 2,4-DNT mostraron un
enriquecimiento de la familia Commamonadacea (29 a 44%) en los microcosmaos con
adicion de 2,4-DNT, la mayoria de estas secuencias se encuentran relacionadas con €l

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 generacion
in-silico de fragmentos terminales de las secuencias de la familia Commamonadacea se
demostré e enriquecimiento de estos fragmentos en € T-RFLP del microcosmo con
adicion de 2,4-DNT. Por €l contrario, laadicion de RDX mostro un efecto més 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 mostré un efecto aparente en la
estructura microbiana lo cual sugiere que en el caso de liberacion en sedimentos marinos
RDX tiene un efecto mas débil que laliberacion de 2,4 DNT. Bajo condiciones de sulfato
reduccion, se observo una rdpida disminucion de la concentracion 2,4-DNT y RDX los
microcosmos del suelo y de sedimentos marinos, esta disminucién de los explosivos se
observo incluso en los controles abiéticos, |0 que sugiere que bajo condiciones de sulfato
reduccion los explosivos son rédpidamente degradados o se  disminuye su bio-
disponibilidad y por lo tanto su impacto en e ecosistema. También se encontré que
aquellos fragmentos terminales relacionados con la degradacion de 2,4-DNT son
inhibidos en €l suelo por la adicion de RDX, lo que sugiere que la liberacion simultanea
de RDX y 2,4-DNT en suelos bajo condiciones aerdbicas puede disminuir la degradacion
de 2,4-DNT vy por lo tanto interferir con su atenuacion natural en e ambiente. La
identificacion cambios en las comunidades microbianas y € uso de andlisis ecolégicos
promueven €l avance del entendimiento del destino y efecto de los contaminantes y
permiten la identificacion del potencia de los las comunidades microbianas nativas para

determinar estrategias de restauracion 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 UXOQO’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 13" of 2003, due to the
high risk for “Vienqueses’ and for terrestrial and marine ecosystems, Governor Sila M.
Calderon 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-6-0x0-2,4-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 CO; and nitrous oxide (N,O). 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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(N20) 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 11 (Fig. 3). The latter product is unstable in water and it is probably
hydrolyzed by the incorporation of two hidroxyl groups from two H,O molecules to
produce a hypothetical compound 111, and then occurs the spontaneous decomposition of

compound 111 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.
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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 ul 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/ACc)
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 ul 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 ul 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 -80°C. 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 ul of
sample injected into a Restek capillary column, RTX-5 (15 m x 0.25 mm ID x 0.25 pm
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 pl from amended microcosms were platted on BLK solid media with
XAD-7 resin (47) amended with 20 to 200 uM 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 pl 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-3Y), and then 1ul 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, 5ul of GoTaq polymerase 5X buffer, 2.5
ul of 25 mM MgCl,, 0.5ul of dNTPs (10mM each), 1.0 ul of each primer (50 pM/ul), and
0.2 pl of GoTaqg polymerase enzyme (Promega®) were used in a 25 pl 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 Mini™ 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: Mspl, Haelll
and Rsal. Each digestion reaction consisted of 1.5 pl of 10X reaction buffer, 1 unit of
each restriction enzyme, 12 ul of PCR product and 10 pl of double distilled water
(ddH,0) for a total reaction volume of 25 pl. 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 pl of restriction product was mixed 1:1 with IR2 stop solution (LI-COR,
Lincoln, NE) and 1 ul was electrophoresed in a LI-COR Biosciences NENeDNA
Analyzer Model 4300 (LI-COR, Lincoln, NE). The acrylamide gel was prepared to a
final concentration of 5.5 % by mixing acrylamide gel matrix (KBpis-LICOR) with BT
buffer, adding 150 ul of 10 % ammonium per-sulfate and 20 ml of 15% of TEMED. The
samples were denatured at 95 °C for 5 min and kept at 4°C until loading the gel. A gel
pre-run consisted in a run of 20 min with 1X buffer (KBrius-LICOR) with the following
parameters: 1,500 V voltage, 40mA current, and 40W of power . After pre-run, 1pl of
each denatured sample was loaded and the gel was run for 3h using the same pre-run

parameters. A KBrius-LICOR molecular sizing standard of 50-700 bp was used. T-RFLP



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 pg/ml ampicillin, 0.5 mM IPTG, and 80 pg/ml X-Gal (LB/Amp/IPTG/X-
gal). White colonies were picked and transferred to 10 pl ddH0, 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 pl 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/segmatch/segmatch_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 ClustaW (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 9uM (Appendix D),
respectively, however quantification of explosives right after addition ranged from 7.8 to
10.3uM for 2,4-DNT and 6.3 to 9.2uM for RDX. For marine sediments microcosms, 2,4-
DNT concentrations ranged from 5.8 to 7.6pM, while RDX varied between and 5.2 to
6.9uM 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 uM) after 32 days. In contrast, for SOIL-RDX/Ac
treatments, RDX concentration decreased 100% (9.2 uM 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,
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concentrations of 2,4-DNT on soil autoclaved microcosms (Fig. 5 B) decreased 17.5 %
(10.3 to 8.5uM) a long the test. In contrast, 2,4-DNT concentration in SOIL-DNT
treatments decreased in 94.4 % (7.2 to 0.4uM), followed by and increment of nitrite from
none detected to 17uM 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 6.5uM); similar results
were observed for SED-RDX microcosms, where concentration decreased 13.3 % (from
6.5 to 5.7uM). In contrast, a 100% decreased of RDX was observed on SED-RDX/Ac
microcosms (from 5.5uM 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 10.36uM for SOIL-KILL-DNT, 4.73uM for SOIL-DNT/Ac, 6.40uM
for SOIL-KILL-RDX and 8.55uM for SOIL-RDX/Ac. In the case of marine sediments
were 6.28uM for SED-KILL-DNT, non-detected in SED-DNT/Ac, 6.90uM 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 (2.5-5uM) 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 vyield, 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 O 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 O 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 O 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 (Ranosiv 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).



Analyses of similarities of marine aerobic microcosms (Table 3) showed that
communities from different treatments overlapped, but were not completely similar
(General Ranosiv 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 Ranosiv 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 (Ranosiv 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 (Ranosiv 0.73 and 0.75, respectively), and

overlapped but different to SED-DNT/Ac (Ranosiv 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=Rsal , M=Mspl and H=Haelll . 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

46



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 OTUSs 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 aso 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
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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, Al4, 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, Al17, 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 Haelll, 96 pb for Mspl, and 373 and
140 pb for Rsal. 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
MM at day 16), nitrite production was nearly stoichiometric. Even though a smaller
concentration of nitrite was expected (13.6 uM), 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. Al). 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



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 0O, 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 O (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 Ranosimv 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 (Ranosiv = 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

57



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 Biological None of the To contrast microbial
CONTROL control explosives added. ( community  with  amended
microcosms and to follow
nitrite production by intrinsic
nitrogen sources.
AMMENDED Amended 2,4-DNT or RDX as To evaluate microbial
WITH with 2,4-  carbon and nitrogen community changes due to
EXPLOSIVE DNT or source. addition of explosives, and to
RDX determine nitrite production as
product of 2,4-DNT
mineralization
AMMENDED 2,4-DNTor 2,4-DNT or RDX as To evaluate microbial
WITH RDX nitrogen source and community changes due to
EXPLOSIVE  + Carbon acetone as carbon addition of explosives, when
AND source source. acetone was added as carbon
ACETONE source. To determine nitrite
production as product of 2,4-
DNT mineralization
ABIOTIC Abiotic Sterile serum bottles To contrast with amended
CONTROL  control with amended with 2,4- biological treatments to reveal
2,4-DNTor DNT or RDX and biological degradation.
RDX acetone.
+ Carbon
source




Table 2 Analysis of similarities (ANOSIM) among aerobic soil microcosms.

Treatment CF CL CL EB EB
(n/a) (RDX) (2,ADNT) (RDX) (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 microcosmes.

Treatment SED SED-RDX  SED-DNT SED- SED-
RDX/Ac 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 EB EB CF EB EB
(n/a) (RDX)  (2,4ADNT) (n/a) (RDX) (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 anosiv - 0.3036.

Table 5 SIMPER Analysis of soil aerobic communities of CF and CL-RDX treatments.

Taxon (OTUs) Contribution  Cumulative Mean Mean
% S-CF 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 Rsal, H were generated with Haelll and M were generated with Mspl. 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 Mean
% MS-CF MS-CL-D

646-650-M 3.585 9.411 215 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 30.2 334
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 Rsal, H were generated with Haelll and M were generated with Mspl. 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 Mean
% MS-CF 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 Rsal, H were generated with Haelll and M were generated with Mspl. Mean are
calculated from relative abundance of T-RFLP profiles from day 4 to 32. Overall average dissimilarity 48.63
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Table8 Libshuff analysis of SOIL-DNT (day 8) and SOIL (day 8) clone libraries.

Total No. No. of Coverage Index of diversity
Libray  of sequences  uniqueOTUs  (Good'sC) Shannon 1/Simpson
CL-SD 37 28 38% 3.20796 4757148
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
| The phylogentic tree was constructed using 27 Nearest neighbors
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

1 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”

1 The phylogentic tree was constructed using 27 Burkholderiales,
sequences of of the SOIL-DNT and SOIL libraries Hydrogenophilales,
that contain the forward primer (519 F) and 788 Methylophilales,
including all sequences browsed at the RDP. Rhodocyclales,

Rhodospirillales,
Rhizobiales,
Sphingomonodales,
genus:Streptococcus,
genusAnaeromyxobacter,
genus:Geobacter,
genus:Syntrophobacter,
Bacteroides, Chlorobi.

v The phylogentic tree was constructed using 42 Burkholderiales,
sequences of the SOIL-DNT and SOIL libraries Hydrogenophilales,
that contain the forward reverse (1392 R) and 788 Methylophilales,
including all sequences browsed at the RDP. Rhodocyclales,

Rhodospirillales,
Rhizobiales,
Sphingomonodales,
genus:Streptococcus,
genus:Anaeromyxobacter,
genus:Geobacter,
genus:Syntrophobacter,
Bacteroides, Chlorobi.

\% Subsets with in previous trees (zoom) for clones phylum Firmicutes.
A23,B16, B24, B11, y A33

VI Subsets with in previous trees (zoom) for clones clase Beta-Proteobacteria
A30, B18, B21, B23, B33, Al7, A22, B15, B32,

B47

Vil Subsets with in previous trees (zoom) for clones Delta-Proteobacteria.

A7y B42
VIl Subsets with in previous trees (zoom) for clones Sphingobacteria

A28, A4, A8, Bly B48
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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

phylogenetic trees.
Clone Most related taxonomic Taxonomic Other Taxonomic levels
group level
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
Al2 Comamonadaceae family class Betaproteobacteria;
order Burkholderiales
Al4 Comamonadaceae family class Betaproteobacteria;
order Burkholderiales
Al5 Comamonadaceae family class Betaproteobacteria;
order Burkholderiales
Al6 Betaproteobacteria class
Al7 Beta-Proteobacteria class phylum Proteobacteria
Al9 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;
A3l 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
A4l Bacteria superkingdom
A42 Comamonadaceae family class Betaproteobacteria
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A43

Ad4
AAT

A48

Comamonadaceae

Betaproteobacteria
Comamonadaceae

Burkholderiales

family

Class
family

order

class Betaproteobacteria
order Burkholderiales

class Betaproteobacteria;
order Burkholderiales
class Betaproteobacteria;

Table 11 Taxonomy of clones from SOIL (day8) library inferred from phylogenetic

trees.
Clone Most related taxonomic Taxonomic Other Taxonomic levels
group level
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
B37
B39
B40

B41

B42
B44

B47
B48

bacteria
Burkholderiales
Proteobacteria
Neisseriaceaea

Super-kingdom
order
phylum
family

class Betaproteobacteria;

class Betaproteobacteria;

Rhodocyclaceae

Delta-proteobacteria
Comamonadaceae

Burkholderiales
Chenotrichaceae

family

class
family

order
family

order Neisseriales
class Betaproteobacteria;
order Rhodocyclales

class Betaproteobacteria
order Burkholderiales

class Betaproteobacteria;
phylum Bacteroidetes

order Sphingobacteriales

Table 12 Expected T-RF fragment lengths for 16S rRNA clone sequences using Haelll,
Mspl and Rsal restriction enzymes

In-silico-RFLP Taxonomic levels
Clones Haelll Mspl Rsal Phylum Class Order Family

A2 412 95 374  Proteobacteria  Alphaproteobacteria  Sphuingomonadales -
A 16 208 96 21  Proteobacteria  Betaproteobacteria - -
A2l 226 96 140 Firmicutes Betaproteobacteria - -
A23 413 97 323 Firmicutes Clostridia Clostridiales -
A24 226 96 140  Proteobacteria  Betaproteobacteria - -
A25 226 96 373  Proteobacteria  Betaproteobacteria Burkholderiales Comamonadaceae
A33 412 201 112 Firmicutes Bacilli - Streptococcaceae
A34 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
A48 226 96 373  Proteobacteria  Betaproteobacteria Burkholderiales -

B2 100 96 61  Proteobacteria  Betaproteobacteria Burkholderiales -

B5 217 202 231  Proteobacteria Alphaproteobacteria - -

B8 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 -

B24 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
B 37
B 39
B 40
B 41

378
377
100
377
226

96
>618
97
96
96

374
373
373
373
140

N/D
Proteobacteria
Proteobacteria
Proteobacteria

Proteobacteria

Betaproteobacteria

Betaproteobacteria

Betaproteobacteria

Burkholderiales

Neisseriales

Rhodocyclales

Neisseriaceaea

Rhodocyclaceae

A=S-CL-D (day 8), B=S-CF(day 8)
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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). Figur e 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 eectrophoresis 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 pl were
loaded onto the agarose gel (1%). MW, 1Kb plus DNA ladder (Invitrogen)

Figure 9 T-RFLP generated with Haelll 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.



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 > Ranosiv > 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 Mspl, Rsal and Haelll.
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Figure 17 Percentage of different phylogenetic groups SOIL-DNT and SOIL at day 8
libraries.
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Methylibium petroleiphilum
Aquabacterium parvum
Aquabacterium citratiphilum
Aquabacterium commune
Tepidimonas ignava
Schlegelella thermodepolymerans
Thiomonas intermedia
Q1A 24 90B12.F
I Q1B 31 55G07.F
Burkholderia caledonica
Burkholderia tropica
Burkholderia kururiensis
Q1 A 37 04D01.F
Zoogloea oryzae
Zoogloea ramigera
Azospira restricta strain
Denitratisoma oestradiolicum
Q1 B 40 32H04.F
Q1B 861E08.F
Chromobacterium violaceum

Aquitalea magnusonii
Vogesella indigofera
Q1B 37 08HO1.F
Thiobacter subterraneus

Limnobacter thiooxidans
Chitinimonas koreensis
Herbaspirillum chlorophenolicum
Q1A 16 26B04.F

Q1 B 30 47G06.F

Thiobacillus denitrificans

albidiflava

Mass
Nitrosospira multiformis
Methylobacillus flagellatus

Methylophilus leisingeri
Q1B 2 13E02.F

Ralstonia solanacearum
Ralstonia sp. 1245

Q1B 41 40H05.F

Pseudomonas put

Niastella koreensis
Terimonas ferruginea
Chitinophaga arvensicola

sp.

Q1B 1185E11.F
Prosthecochloris aestuarii
Chiorobaculum thiosulfatiphilum
Chiorobium luteolum

Q1 B 39 24H03.F

— Q1 A 2 09A02.F

Rhizobium rhizogenes

L Sphingomonas stygia

Azospirillum oryzae
Azospirillum sp. TMCY 0552

Azospirillum lipoferum
Azospirillum brasilense
Telmatospirillum siberiense
Dechlorospirillum sp
Aquaspirillum itersonii subsp. itersonii
Roseospirillum parvum
Terasakiella pusilla
Q1 B 5 37E05.F
Methylobacterium hispanicum
Methylobacterium fujisawaense
Methylobacterium radiotolerans
Syntrophobacter pfennigii
Syntrophobacter wolinii
Anaeromyxobacter dehalogenans
Q1A 3691C12.F
Anaeromyxobacter sp.

Geobacter pelophilus
Geobacter bemidjiensis
Geobacter bremensis

r Q1 A 33 67C09.F

L‘VSneptncoccus infantis
Streptococcus mitis
Q1A 2382B11.F

Q1B 16 30F04.F
Q1B 24 94F12.F

Selenomonas sputigena
AB010957
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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 (TypeIl)
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Comamonas denitrficans
Comamonas nitativorans
Acidovorax avenae subsp. cattieyae
Acidovorax delafieldii
Acidovorax facilis
Xylophilus ampelinus
Variovorax paradoxus
Variovorax dokdonensis
Hydrogenophaga atypica
Hydrogenophaga defluvii
Hydrogenophaga intermedia
Q1 B 44 64H0B.F
Q1A 3583C11.F
Q1A 1518803 F
Q182831604 F
Q1 A 20 58808.F
Q1B 645E06.F
Q1A 12 80A12F
L Ramiibacter tataouinensis
Q1 A 3043C06 F

Q183371600 F
Tepidimonas ignava

Thiomonas intermedia
Schlegelella thermodepolymerans
Q1847 88H11F
Aquabacterium parvum
Methylibium petroleiphilum
Aquabacterium citratiphilum

[— Limnobacter thiooxidans
Q1A 2274810 F
Q181846706 F
Q182170F00 F
Ralstonia solanacearum
Ralstonia sp. 1245
Herbaspirillum chlorophenolicum

Massilia albidilava
Nitrosospira multiformis
Q1A 17 34805 F
Burkholderia caledonica
Burkholderia tropica
Burkholderia kururiensis.
Q1823 86F11.F

Thiobacillus denitrificans

Denitratisoma oestradiolicum

Methylobacillus flageliatus
Methylophilus leisingeri
Q181522703 F
Q183263608 F

Aquitalea magnusonii

Vogesella indigofera

Pseudomonas putida
Q1A 4136005 F

Chlorobaculum thiosulatiphilum

Chiorobium luteolum

Prosthecochioris aestuarii

Sphingobacterium sp.

Q1A 42504 F

Q1A 18 42806 F
Q18 19 54707 F

Q18 2507Go1 F
Rhizobium tizogenes
Sphingomonas stygia
Novosphingobium hassiacum
Q1810 77E10F

Roseospiillum parvum

Terasakiella pusilla
Telmatospirilum siberiense
Dechlorospirillum sp.

Azospirillum brasilense
Aquaspirillum itersoni subsp. itersonii
Methylobacterium hispanicum
Q182723603 F
Methylobacterium fujisawaense
Methylobacterium radiotolerans,

Q1 A 27 19C03 F

Syntrophobacter pfennigii

Syntrophobacter wolinii

Anaeromyxobacter dehalogenans

naeromysobacis 55
at a7 amorr
s e

Selenomonas sputigena

Q183479610 F

Chitinophaga arvensicola
Niastella koreensis

Tertimonas ferruginea

Sulfolobus
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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 1)

Methylobacterium fujisawaense ] Alphaproteobacteria; R hizobiales

Methylobacterium radiotolerans 7] Alphaproteobacteria; R hizobiales

— Q1 B 27 23G03.F

Methylobacterium hispanicum 7] Alphaproteobacteria; R hizobiales

0.001

Figure 20 Zoom of branch from phylogenetic tree Type IV used to identify clone B27.

Alphaproteobacteria; Sphingomonadales
Q1 B 19 54F07.F
Q1 B 25 07GO1.F

Sphingopyxis flavimaris ]Alphaproteobacten'a; Sphingomonadales

Sphingomonas subterranea ]Alphaproteobacteria; Sphingomonadales
Sphingomonas stygia ]Alphaproteobacteria; Sphingomonadales
Sphingomonas aromaticivorans ]Alphaproteobacteria; Sphingomonadales
Rhizobium rhizogenes ]Alphaproteobacteria; R hizobiales

Q1 A 18 42B06.F

Novosphingobium tardaugens ]Alphaproteobacteria; Sphingomonadales

Novosphingobium taihuense ]AIphaproteobacteria; Sphingomonadales

Novosphingobium pentaromativorans ] Alphaproteobacteria; Sphingomonadales

Alphaproteobacteria; Sphingomonadales

Alphaproteobacteria; Sphingomonadales

Alphaproteobacteria; Sphingomonadales

Q1 B 10 77E10.F
ﬁ Alphaproteobacteria; Sphingomonadales & Caulobacterales
Alphaproteobacteria; Sphingomonadales

—a Alphaproteobacteria; Sphingomonadales

Alphaproteobacteria; Sphingomonadales & 1 Gammaproteobacterium
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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.

Azospirillum brasilense
Azospirillum brasilense1

Azospirillum doebereinerae Alphaproteobacteria; R hodospirillales

Azospirillum lipoferum

Azospirillum sp. TMCY

Azospirillum oryzae 7] Alphaproteobacteria; Rhodospirillales
4‘— Q1B 3 21E03.F

| Stella humosa

Alphaproteobacteria; R hodospirillales
| Stella vacuolata

0.002

Figure 22 Zoom of branch from phylogenetic tree Type IV used to identify clone B3.
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:_ Bacteroidetes/Chlorobi group; Chlorobi; Chlorobiales

Q1B 34 79G10.F
Q1 A 41 36D05.F

Betaproteobacteria

——
0.01

Figure 23 Zoom of branch from phylogenetic tree Type used used to identify clones A4l
and B34.
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Comamonas koreensis ]Betaproteobacteria; Burkholderiales

Rhodoferax fermentans

[{ Rhodoferax ferrireducens Betaproteobacteria; Burkholderiales

Rhodoferax antarcticus

Acidovorax defluvii ]Betaproteobacteria; Burkholderiales

Q1 A 14 10B02.F
Q1 A 43 52D07.F

Q1B 4 29E04.F

ooor'
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

li Comamonas badia ]Betaproteobacten’a; Burkholderiales
Q1 B 22 78F10.F

Q1 A 19 50B07.F
—— Q1 A 12 89A12.F
— Q1 B 6 45E06.F
Q1 B 28 31G04.F
Q1 A 20 58B08.F
Tepidicella xavieri ]Betaproteobacten'a; Burkholderiales
——— Q1 B 44 64H08.F

Brachymonas denitrificans ]Betaproteobacteria; Burkholderiales

Hydrogenophaga flava |Betaproteobacteria; Burkholderiales
Hydrogenophaga intermedia ]Betaproteobacten'a; Burkholderiales
Hydrogenophaga palleronii ] Betaproteobacteria; Burkholderiales
Hydrogenophaga pseudoflava ]Betaproteobacten‘a; Burkholderiales
Hydrogenophaga taeniospiralis ] Betaproteobacteria; Burkholderiales
Malikia granosa ] Betaproteobacteria; Burkholderiales

Malikia spinosa ]Betaproteobacteria; Burkholderiales

Q1 A 15 18B03.F

Q1 A 3583C11.F

Xenophilus azovorans

Comamonas denitrificans Betaproteobacteria; Burkholderiales

Comamonas nitrativorans

0.005
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Figure 25 Zoom of branch from phylogenetic tree Type 111 used to identify clones A12,
A15, A19A20, A35 B6, B28, B44. Comamonas, Hydrogenophaga, Malikia,
Bachymonas, Xenophilus are genera from the family Comamonadaceae.

Azoarcus buckelii :| Betaproteobacteria; Rhodocyclales
Azoarcus evansii :| Betaproteobacteria; Rhodocyclales
Azoarcus tolulyticus :| Betaproteobacteria; Rhodocyclales

Q1 B 20 62F08.F
Betaproteobacteria; Rhodocyclales
Betaproteobacteria; R hodocyclales

1 Betaproteobacteria; R hodocyclales

——
0.005
Figure 26 Zoom of branch from phylogenetic tree Type used to identify clone B20 .

Betaproteobacteria; Neisseriales

| Q1 B 15 22F03.F

| Q1 B 32 63G08.F

-y Betaproteobacteria; Methylophilales

——

0.002
Figure 27 Zoom of branch from phylogenetic tree Type IV used to identify clones B15
and B32.

Betaproteobacteria; Burkholderiales

Q1 B 47 88H11.F

Betaproteobacteria; Burkholderiales

0.005
Figure 28 Zoom of branch from phylogenetic tree Type IV used to identify clone B47.
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[I Aquitalea magnusonii ] Betaproteobacteria; Neisseriales

Vitreoscilla stercoraria 7] Betaproteobacteria; Neisseriales

| Q1 A 31 51C07.F
L s Betaproteobacteria; Neisseriales

=
0.0005

Figure 29 Zoom of branch from phylogenetic tree Type IV used to identify clone A31.

Syntrophobacter fumaroxidans
Syntrophobacter sulfatireducens Deltaproteobacteria; Syntrophobacterales

L—— Syntrophobacter pfennigii

Q1 A 27 19CO03.F

Syntrophobacter wolinii :| Deltaproteobacteria; Syntrophobacterales

| ew—
0.005

Figure 30 Zoom of branch from phylogenetic tree Type 1V used to identify clone A27.

———s D cltaprotecbacteria; Syntrophobacterales

Q1 B 42 48H06.F

L —— Anaeromyxobacter dehalogenans | Deltaproteobacteria; Myxococcales
Q1 A7 49A07.F

H Deltaproteobacteria; Desulfuromonadales; genus Geobacter

——
0.005

Figure 31 Zoom of branch from phylogenetic tree Type IV used to identify clones A7
and B42.

Parvibaculum lavamentivorans ]Alphaproteobacteria; R hizobiales
Q1B 5 37E05.F

—— Rhodovibrio salinarum oh N hod ol
Alphaproteobacteria; R hodospirillales
L Rhodovibrio sodomensis

A
0.01

Figure 32 Zoom of branch from phylogenetic tree Type |11 used to identify clone B5.
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Sphingomonas capsulata ] Alphaproteobacteria; Sphingomonadales

I ——— Sphingomonas subterranea ]Alphaproteobacten'a; Sphingomonadales

lSphingomonas aromaticivorans 7] Alphaproteobacteria; Sphingomonadales
Q1 A 2 09A02.F
A

0.002

Figure 33 Zoom of branch from phylogenetic tree Type 111 used to identify clone A2.
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Alphaproteobacteria

Q1 B 39 24H03.F

Betaproteobacteria

—_.< Deltaproteobacteria

0.01

Figure 34 Zoom of branch from phylogenetic tree Type I11 used to identify Clone B39.
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Thauera phenylacetica
Thauera selenatis
Thauera chlorobenzoica

Betaproteobacteria; R hodocyclales
Thauera aromatica

Thauera aminoaromatica

Thauera mechernichensis

Azoarcus communis ]Betaproteobacten'a; Rhodocyclales
Q1 B 31 55G07.F
Q1 A 24 90B12.F

Betaproteobacteria

——
0.005

Figure 35 Zoom of branch from phylogenetic tree Type |11 used to identify clones A24
and B31.
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Comamonas aquatica
I— Comamonas kerstersii

Giesbergeria sinuosa

Ottowia thiooxydans
Giesbergeria kuznetsovii
Comamonas terrigena

Acidovorax avenae subsp. cattleyae

Acidovorax avenae subsp. avenae Betaproteobacteria; Burkholderiales

Rhodoferax antarcticus
—|— Rhodoferax fermentans
Acidovorax facilis
Rhodoferax ferrireducens

— Acidovorax defluvii

Acidovorax delafieldii

Acidovorax temperans

Q1 A 47 84D11.F

Comamonas badia

| Comamonas denitrificans Betaproteobacteria; Burkholderiales

| Comamonas nitrativorans

0.002

Figure 36 Zoom of branch from phylogenetic tree Type Il used to identify clone A47.
Giesbergeria, Acidovorax, Rhodoferax, Comamonas are genera from the family
Comamonadaceae (Type I11).

Betaproteobacteria; Burkholderiales

Simplicispira psychrophila 7] Betaproteobacteria; Burkholderiales
Curvibacter delicatus :| Betaproteobacteria; Burkholderiales
Curvibacter gracilis ] Betaproteobacteria; Burkholderiales

Curvibacter lanceolatus :| Betaproteobacteria; Burkholderiales

Diaphorobacter nitroreducens 7] Betaproteobacteria; Burkholderiales
Giesbergeria voronezhensis ]Betaproteobacten‘a; Burkholderiales
Hylemonella gracilis :| Betaproteobacteria; Burkholderiales

Ramlibacter henchirensis ]Betaproteobacten’a; Burkholderiales

Ramlibacter tataouinensis ]Betaproteobacteria; Burkholderiales
Simplicispira metamorpha ]Betaproteobacteria; Burkholderiales
Variovorax dokdonensis ] Betaproteobacteria; Burkholderiales
Variovorax paradoxus ] Betaproteobacteria; Burkholderiales
Xenophilus azovorans ] Betaproteobacteria; Burkholderiales
Xylophilus ampelinus 7] Betaproteobacteria; Burkholderiales

Q1 A 25 03CO1.F

Q1 A 42 44D06.F

Q1B 12 93E12.F

Comamonas testosteroni ]Betaproteobacten’a; Burkholderiales

bool
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Figure 37 Zoom of branch from phylogenetic tree Type |11 used to identify clone A25,
A42 and B12. Curvibacter, Comamonas, Xenophilus, Smplicispira, Hylemonella,
Diaphorobacter, Ramlibacter are genera from the family Comamonadaceae (Type I11).

Azohydromonas australica ]Betaproteobacteria; Burkholderiales
Azohydromonas lata ]Betaproteobacteria; Burkholderiales
Caldimonas manganoxidans | Betaproteobacteria; Burkholderiales
Caldimonas taiwanensis ] Betaproteobacteria; Burkholderiales
Rubrivivax benzolyticum ] Betaproteobacteria; Burkholderiales
Rubrivivax gelatinosus ] Betaproteobacteria; Burkholderiales

Schlegelella thermodepolymerans ] Betaproteobacteria; Burkholderiales

Aquabacterium parvum ] Betaproteobacteria; Burkholderiales
Schlegelella thermodepolymerans1 ] Betaproteobacteria; Burkholderiales
Zoogloea ramigera ] Betaproteobacteria; Rhodocyclales

Q1 A 34 75C10.F

Q1 B 26 15G02.F

Methylibium petroleiphilum 7] Betaproteobacteria; Burkholderiales
Zoogloea resiniphila 7] Betaproteobacteria; Rhodocyclales

Q1 A 48 92D12.F

,— Thiomonas intermedia

06cos

Figure 38 Zoom of branch from phylogenetic tree Type 111 used to identify clones A34,
A48 and B26 (Type lll).

:| Betaproteobacteria; Burkholderiales

Thiomonas thermosulfata

Betaproteobacteria; Burkholderiales & Rhodocyclales

Q1 A 44 60D08.F

———ssss Betaprotecbacteria; Neisseriales

0.005
Figure 39 Zoom of branch from phylogenetic tree used to identify A44 clone (Typelll).
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Aquitalea magnusonii ]Betaproteobacten'a; Neisseriales

— lChromobacterium violaceum ] Betaproteobacteria; Neisseriales

Q1 B 40 32H04.F
|Q1 B 8 61E08.F

—
0.001

Figure 40 Zoom of branch from phylogenetic tree used to identify clone B8 and B40.
(Typelll). Aquitalea and Chromobacterium are genera from the family Neisseriaceae

Betaproteobacteria; Rhodocyclales

Ag Betaproteobacteria; Burkholderiales
Q1 A 37 04D0O1.F

Betaproteobacteria

——
0.005

Figure 41 Zoom of Betaproteobacteria branch from phylogenetic tree Type |11 used to
identify clone A37.

Ferribacterium limneticum ] Betaproteobacteria; Rhodocyclales

Q1 B 41 40H05.F

Dechloromonas agitata

Dechloromonas denitrificans | Betaproteobacteria; Rhodocyclales
Dechloromonas hortensis

——
0.005

Figure 42 Zoom of branch from phylogenetic tree Type Ill to idenfied clone B41.
Ferribacterium and Dechloromonas are genera from the family Rhodocyclaceae.
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Janthinobacterium agaricidamnosum
Betaproteobacteria; Burkholderiales

Sutterella stercoricanis

Limnobacter thiooxidans :| Betaproteobacteria; Burkholderiales
Q1 B 37 08HO01.F

Q1B 2 13E02.F

Betaproteobacteria; Burkholderiales

Betaproteobacteria

———
0.005

Figure 43 Zoom of branch from phylogenetic tree Type |11 used to identify clone B2 and
B37.

_|: Methylobacillus glycogenes
Methylobacillus pratensis

Methylobacillus flagellatus  |Betaproteobacteria; Methylophilales

Methylophilus leisingeri
I: Methylophilus methylotrophus
Q1 A 16 26B04.F
— Q1 B 30 47G06.F

Betaproteobacteria

0.005

Figure 44 Zoom of branch from phylogenetic tree Type Ill used to identify clone A16

and B30.

Anaeromyxobacter dehalogenans

Q1 A 36 91C12.F

Anaeromyxobacter sp.

————
0.005

Figure 45 Zoom of branch from phylogenetic tree Type |11 used to identify clone A36.
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—« Betaproteobacteria; Burkholderiales

— Q1 B 23 86F11.F

Betaproteobacteria; Burkholderiales

——
0.002

Figure 46 Zoom of branch from phylogenetic tree Type V used to identify clone B23.

Betaproteobacteria; Burkholderiales

—— Q1 A 30 43C06.F
T Q1 B 33 71G09.F

Betaproteobacteria; Burkholderiales

——
0.005

Figure 47 Zoom of branch from phylogenetic tree Type V used to identify clones A30
and B33 (Type V).
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< Betaproteobacteria; Burkholderiales

Q1 B 18 46F06.F
— L Q1B 2170F09F
Q1 A 22 74B10.F
] Q1B 15 22F03.F
lQ1 B 32 63G08.F

———NNNNN Bctaproteobacteria;Methylophilales

——
0.005

Figure 48 Zoom of branch from phylogenetic tree Type V used to identify clones A22,
B15, B18, B21 and B32.

Geobacter pelophilus

— A7

- Geobacter bremensis

Geobacter bemidjiensis

———
0.002

Figure 49 Zoom of branch from phylogenetic tree Type VI used to identify clone A7.

Lactobacillales; Streptococcaceae

Lactobacillales; Streptococcaceae

Q1 A 33 67C09.F

——
0.005

Figure 50 Zoom of branch from phylogenetic tree Type VII used to identify clone A33
(Type VII).
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Firmicutes; Clostridiales; E ubacteriacea

Q1 A 23 82B11.F
— Q1 B 16 30F04.F

Q1B 11 85E11.F
Q1 B 24 94F12.F

— S Firmicutes; Clostridia; Clostridiales; Clostridiaceae

——mmm Firmicutes; Clostridiales; Lachnospiraceae

0.02

Figure 51 Zoom of branch from phylogenetic tree Type VII used used to identify clones
A23,B11, B16 and B24.

SN Bacteroidetes; Sphingobacteria; Sphingobacteriales; Saprospiraceae
r Q1 A 28 27C04.F
Q1 A 4 25A04.F

—— sl Bacteroidetes; Sphingobacteria; Sphingobacteriales; Sphingobacteriales genera incertae sedis

Q1 A 8 57A08.F
FQ1 B 1 05E01.F
Q1 B 48 96H12.F

Bacteroidetes; Sphingobacteria; Sphingobacteriales; Sphingobacteriales genera incertae sedis
ﬂradetes; Sphingobacteria; Sphingobacteriales; Flexibacteraceae

0.02

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 ul 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 | (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.

7

Axis 2 (8.35 %)
<

-2 -1.6 -1.2 -0.8 -0.4 0 0.4 0.8 1.2 1.6 2
Axis 1 (12.36 %)

Figure A 2 Correspondence analysis of T-RFLP profiles of 16S rRNA of Vieques and
Guanica Microcosms under shaking conditions.’Y 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 (I1), and day 3
and 7 cluster (I),. In cluster I, same origin microcosms group apart from each other,
Laguna Anones microcosms (bootstrap value 98), Guanica microcosms (bootstrap value
98) and Monte David microcosms (bootstrap value 98). Cluster 1 is subgroup into two
cluster, the first cluster (I1A) is formed by day 3 and 7 microbial communities of Guanica,
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 Guanica microcosms. Cluster 1A
is subdivided by day of sampling, day 3 and 7. As observed in the correspondence
Analysis, inside the different cluster, Guanica 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 (NO,) 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 Guanica 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 mgl/l.
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Figure A 4. 2,4-DNT and Nitrite concentration on Viegques and Guanica microcosms at time 0, 3 and 7 days.
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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 (u+3oc), 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(u+3c) 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
(u+200), a more strict selection of peaks is performed eliminating small peaks (A) and
60% of scan points (C). Finally, PEAKS p+100c criterion eliminates 92% of scan points

(C) and several peaks in the electropherogram (A).
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Figure B1. Electropherogram, histogram and percentile from Monte David microcosm
digested with Haelll. Red, blue and green lines represent the cutoff value calculated by

PEAKS using pu+3c (0.0439), u+200 (0.0674) and p+100c (0.1775) respectively.

Different samples were analyzed using PEAKS (u+3oc) 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 I1l. 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(u+30).
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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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1
1

(load "trflp/Pasol.mxt")
(load "trflp/Paso2.mt")
(todos X 0)

(load "trflp/Paso3. mt'
(

(

(

)
load "trflp/Paso4.mt")
load "trflp/picos.fas")
final X 0)

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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ok

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).

First column must have an open parenthesis to group data in rows (Figure # C),
and last row will end with NIL (Figure # D).

Last column must have a close parenthesis (Figure#, E)

Finally data must be saved as “infile.txt” a tab delimited text format and transfer
the file to BINNING folder.

Double click CLISP.exe and type at the prompt (load “binning/scripts/binning.txt™),
once the program finish running the script will show >T

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.

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

124



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 mlor 0.04 1
Explosives conc. = 1000 ppm (mg/l) or 1 g/l
2,4-DNT added vol. =80 pl or 80 x10°1

RDX added vol. =80 pl or 80 x10°1
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 (NO,) are expected on the microcosm. Therefore in
a final volume of 40 ml the expected concentration of nitrite must be around 22uM.

Concentration of Oxygen in the headspace of aerobic microcosms
Information

Serum vials volume =100 cms

BLK media +Slurry =40 cm;3

Headspace =60 cms
Oxygen % on air =21%
Calculations
3
number of moles = M
24000 cm
60 cm® x0.21

525 x10™° moles = 3
24000 cm-

Results
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525umoles of Oxygen atoms or 262.5umoles 0f Oxygen molecules (O, ) expected on
the EB aerobic microcosm.

Concentration of Acetone on aerobic microcosms (EB)

Information

BLK media +Slurry =40 ml

Acetone added vol =80 ul

Acetone density =0.79 g/lcm?

Acetone molar mass =58.08 g/mol

Calculations

density = mass(g) — density x volumen = mass

volumen(cm® o ml)
(0.79¢/ml)x 0.08ml =0.0632¢g

1mol x0.0632¢g

=1088 x 10 moles or 1088 umoles

58.08g

Results. 1088 umoles of Acetone are expected on the EB aerobic microcosm.
The following reaction shows the oxidation of acetone under oxygenic conditions.
40,4+ C3HgO > 3CO, + 3H,0

Based on the following reaction four moles of Oxygen molecules are needed to oxidize
one mole of Acetone, so the 265 pumoles of Oxygen molecules present on the microcosm
headspace could oxidize 66.25 pmoles, 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 | and
.

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 I1I.

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
5000484621, 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 I1I.

AB286325, AB288578, EW979095, EU979021, EF221371, DQ676318, AY690115, DQUA50782
EU097294, EU097293, EU097211, EF018476, EU097210, EU236243, EU375661, EU287927,
EU548072, AY344056, AM295491, U62825 , EF019978, EF020153, EU693450, AY117557
EU372837, AM398481, AY117554, AY117553, M22510, DQ417338, DQUA17337, AY117572
AY117567, EF626691, AMB89950, AMB96358, AY117569, AE016825, AB021385, AB017487
AB174793, EU287928, EF019812, AB078843.
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APPENDIX F. DNA Sequences from Clone Libraries

>QL_A 2_09A02. F

CAGCAGCCGCGGT AATACGGAGGGAGCTAGCGT TGT TCGGAAT TACT GGGECGT AAAGCGCACGT AGGCGGT TACT CAAGT CAGAGGT GA
AAGCCCGGGGECTCAACCCCGGAACTGCCTTTGAAACT AGGTAACT AGAAT CT TGGAGAGGT CAGT GGAAT TCCGAGT GTAGAGGT GAAA
TTCGTAGATATTCGGAAGAACACCAGT GGCGAAGGCGACT GACT GGACAAGT AT TGACGCT GAGGT GCGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCGTAAACGATGATAACTAGCT GT CCGEECACT TGGT GCTTGGGT GGCGCAGCTAACGCATTAAG
TTATCCGCCTGCGGAGTACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGEGCCT GCACAAGCGGT GGAGCATGTGGT TTAATTCG
AAGCAACGCGCAGGACCTTACCAGCGT TTGACATCCTCATCGCGATTTCCAGAGATGGATTTCT TCAGT TCGGCTGGATGAGT GACAGG
TGCTGCATGGCTGI CGTCAGCT CGTGT CGTGAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCTCGT CCTTAGT TGCCATCATTTA
GT TGGGCACT CTAAGGAACCGCCGGT GATAAGCCGGAGGAT GT GGGGATGACGT CAAGT CCTCATGGCCCT TACACGCTGGGCTACACA
CGTGCTACAATGGCGGT GACAGT GGGCAGCAAACT CGCGAGAGT GAGCTAAT CTCCAAAAGCCGT

>QL_A 4_25A04. F
CTGCCATTGATACTATTAGTCTTGAATGT TGT TGAGGT GGGCGGAATATATCAT GTAGCGGT GAAAT GCATAGATATGATATAGAACAC
CGATTGCGAAGGCAGCT CACT AAACAACGAT TGACGCT GAGGCACGAAAGCGT GGGGAT CAAACAGGAT TAGAT ACCCT GGTAGT CCAC
GCCCTAAACGAT GATTACT CGACATACGCGAT ACACAGCGT GT GTCTGAGCGAAAGCAT TAAGT AATCCACCT GGGAAGTACGT COGCA
AGGATGAAACT CAAAGGAAT TGACGGGGEGT COGCACAAGCGGT GGAGCAT GTGGT T TAATTCGATGATACGCGAGGAACCT TACCT GGG
CTAGAATGCTGGT GGACT GATGCCGAAAGGT GT TTTTATAGCAATATACCGCCAGT AAGGT GCT GCATGGCT GT CGTCAGCTCGTGCCG
TGAGGTGT TGGGT TAAGT CCCGCAACGAGCGCAACCCCT ATCT TCAGT TGCCAACGGGT AAT GCCGGGAACT CTGAAGAAACT GCCGCC
GT AAGACGCGAGGAAGGAGGGGAT GATGT CAAGT CATCATGGCCT TTAT GCCCAGGGCT ACACACGT GCTACAAT GGGGAGGACAAAGG
GCTGCTACCTGGCAACAGGAT GCAAAT CTCAAAAACCT TTTCTCAGT TCGGAT TGTAGT CTGCAACT CGACTACAT GAAGCTGGAATCG
CTAGTAATCGOGCATCAGCAAT GGOGOGGT GAAT ACGT TCCCGGACCT TGTACACACCGCCOGT

>QL_A 6_41A06. F
TTTTACTGTTAGTGTCTAAGCGAAAGCAT TAAGT AATCCACCT GGGAAGT ACGT CCGCAAGGT TGAAACT CAAAGGAAT TGGCGGGGEGT
CCGCACAAGT GGTGGAGCATGTGGTTTAATTCGAT GATACGOGAGGAACCT TACCT GGGCTAGAATGCAT TTTGACCGCAGGTGAAAGC
CTGTTTTGTAGCAATACACAACCT GTAAGGT GCT GCATGGCT GT CGTCAGCT CGTGCCGT GAGGT GT TGGGT TAAGT CCOGCAACGAGC
GCAACCCCTATCTTTAGT TGCCAT CAGGT AATGCT GGGAACT TTAAAGAAACT GCOGT CGTAAGACGCGAGGAAGGAGGGGATGATGTC
AAGTCATCATGGCCT TTATGCCCAGGGCTACACACGT GCT ACAAT GGGGAGGACAAAGGECT GCCACT TAGCGATAAGGAGCTAATCCC
AAAAACCTTCTTTCAGT TCAGAT TGGAGT TTGCAACT CGACT CCAT GAAGCT GGAATCACT AGT AATTGT ATATCAGCAAT GATGCGGT
GAATACGTTCCCGGACCTTGCACACACCGCCOGT

>QL_A 7_49A07. F

GATACT GGGAGACT TGAAT ACGGGAGAGGGT AGT GGAAT TCCTAGT GT AGGAGT GAAAT CCGTAGATAT TAGGAGGAACACCGGT GGG
AAGGCGGCTACCT GGACCGAT AT TGACGCT GAGACGCGAAAGCGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CCACGCCGT AAA
CGATGAGAACTAGGTGT TGOGGGT AT TGACCCCT GCAGT GCOGCAGCT AACGCAT TAAGT TCTCCGOCT GGGAAGT ACGGT CGCAAGAC
TAAAACT CAAAGGAAT T GACGGGEGGECCOGCACAAGOGGT GGAGCAT GTGGT TTAAT TCGACGCAACGCGCAGAACCT TACCTGGGCTTG
ACATCT GOGGAACCCGGT TGAAAGAT CGGGGT GOCT TCGRGAGCCGCAAGACAGGT GCTGCAT GGECT GTCGT CAGCT CGT GTCGT GAGA
TGTTGGGTTAAGT CCCGCAACGAGCGCAACCCCTATCCT TAGT TGCTACCAT TCAGT TGAGCACT CTAAGGAGACT GCOGGT GTCAAAC
CGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGOCCT TATGT CCAGGGCTACACACGT GCTACAAT GGCCGGT ACAAAGGGT TGOGA
TGCCGOGAGGT GGAGCCAAT COCCAAAAAGCCGGT CTCAGT TCGGAT TGGAGT CTGCAACT CGACT CCAT GAAGT TGGAATCGTTAGTAA
TOGCGGAT CAGCATGCOGCGGT GAATACGT TCCCGGGECCT TGTACACACCGOCCGT

>QL_A 8 57A08. F

AAACT GGCCAGCTAGAGCGCGGT AGAGGAGGGT GGAAT TCCT GGTGT AGCGGT GAAAT GOGT AGAT AT CAGGAGGAACACCGGT GGCGA
AGGOGGCCCT CTGGACCGT TGCT GACGCT GAGACGCGAAAGCGT GGGGAT CAAACAGGAT TAGAT ACCCT GGTAGT CCACGCCCTAAAC
GATGATTACTCGACAT TAGCGATATTACT GT TAGT GT CT AAGCGAAAGCAT TAAGT AAT CCACCT GGGAAGT ACGACCGCAAGGT TGAA
ACTCAAAGGAAT TGGCGGEGGGT COGCACAAGT GGT GGAGCAT GT GGT TTAAT TCGAT GATACGOGAGGAACCT TACCT GGGCTAGAATG
CATTTTGACCGCAGGT GAAAGCCT GT TTTGTAGCAATACACAAT TTGT AAGGT GCTGCATGGCT GTCGT CAGCT CGTGCCGTGAGGTGT
TGGGT TAAGT CCOGCAACGAGOGCAACCCCTATCT TTAGT TGCCAT CAGGT AAT GCTGGGAACT CTAAAGAAACT GCOGT CGTAAGACG
TGAGGAAGGAGGGGATGATGTCAAGT CATCATGGCCT TTATGOCCAGGEGCT ACACACGT GCTACAAT GGGGAGGACAAAGGGCT GCCAC
TTAGCGATAAGGAGCTAATCCCAAAAACCT TCTCTCAGT TCAGAT TGGAGT CTGCAACT CGACT CCATGAAGCT GGAATCACTAGTAAT
CGTATATCAGCAAT GATACGGT GAATACGT TCCCGGACCT TGCACACACCGCCCGT

>QL_A 9 _65A09. F

GTGCOGCAGCTAACGCAT TAAGT TATCCGCCT GGGGAGT ACGGCCGCAAGAT TAAAACT CAAAGGAAT TGACGGGGGCCT GCACAAGCG
GTGGAGCATGTGGT TTAAT TCGAAGCAACGOGCAGAACCT TACCAGOGT CTTGACATCCTCATCGOGAT TTCCAGAGATGGATTTCTTC
AGCAT CGGAGGAT GAGT GACAGGT GCTGCAT GGCT GTCGT CAGCT CGTGT CGTGAGATGT TGGGT TAAGT CCOGCAACGAGCGCAACCC
TOGTCCTTAGT TGCCATCAT TTAGT TGGGCACT CTAAGGAAACCGCCGGT GATAAGCGGGAGGAAGGT GGGGAT GAGGTCAAGTCTTCA
TGCCCTTTACACCAGGGGCT ACCCACGT GTACCAAT GECGGT GACAAGGGT CAGCAAACT GGGGAGAGGGAGT TATTCTCCAAAACCGG
TCTCAGTTCGGATTGTAGT CTGCAACT CGAGAGCAT GAAGGCGGAAT CGCT AGT AAT CGCGGAT CAGCACGCCGCGGTGAATACGTTCC
CAGGCCTTGTACACACCGCCOGT

>QL_A 12_89A12. F

GCGGAGGACACGAT GOGAAGGCAT CCCCT GBECCT GCACT GACGCT CAT GCACGAAGCGT GGGGAGCAAACAGGATAGATACCCTGGTA
GTCACGCCCTAAACGATGT CAACT GGTTGT TGGGT CTTCACTGACT CAGT AACGAAGCT AACGCGT GAAGT TGACCGCCT GGGGAGTAC
GGCCGCAAGGT TGAAGCT CAAAGGAAT T GACGGGGACCCGCACAAGCGGT GGAT GATGT GGT TTAAT TCGAT GCAACGCGAAAAACCTT
ACCCACCT TTGACAT GTACGGAAT CCT GCAGAGACGCAGGAGT GCT CGAAAGAGAACCGT AACACAGGT GCT GCATGGCTGT CGTCAGC
TOGTGTCGT GAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCT TGT CAT TAGT TGCTACATTCAGT TGGGCACTCTAATGAGACTG
CCGGTGACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCT CTTAT AGGT GGGGCT ACACACGT CATACAAT GGACGGTAC
AAAGGGCT GCCAACCCGOGAGGGGEGAGCCAAT CCCATAAAACCGT TCGT AGT COGGGT CGCAGT CT GCAACT CGACT GOGT GAAGT CGG
AATCGCTAGT AATCGT GGATCAGCATGTCACGGT GAATACGT TCCCGGGT CTTGCACACACCGCCCGT
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>Ql_A 13_02B01. F

CGOGAGGAACCT TACCT GGGCT AGAAT GCT GGT GGACT GATGCCGAAAGGT GTTTTTATAGCAATATACCGCCAGTAAGGT GCTGCATG
GCTGTCGTCAGCT CGT GOCGT GAGGT GT TGGGT TAAGT CCOGCAACGAGCGCSACCCCOCCT TATCT TCAGCCAGT TGOCAACCGGTAA
TGCOCCCOGGGAACT CT GAAGAAACT GCOGCOGT AAGACGCGAGGAAGGAGGGGAT GATGT CAAGT CATCAT GGCCT TTATGCCCAGEG
CTACACACGT GCTACAAT GGGGAGGACAAAGGGCT GCTACCT GGCAACAGGAT GCAAAT CTCAAAAACCT TTTCTCAGT TCGGATTGTA
GTCTGCAACTCGACTACAT GAAGCT GGAAT CGCTAGT AAT CGCGCAT CAGCAAT GGCGOGGT GAATACGT TCOCGGACCTTGTACACAC
CGCCCGT

>QlL_A 14_10B02. F

GCTTAACCT GGGAGCT GCACT TGTGACT GCAAGGCT GGAGT ACGGCAGAGGGGGAT GGAAT CCGOGT GTAGCAGT GAAATGCGTAGATA
TGCGAGGAACACCGAT GROGAAGGCAAT CCCCT GGGECCT GTACT GACGCT CAT GCACGAAAGCGT GGGRGAGCAAACAGGAT TAGATACC
CTGGTAGTCCACGOCCTAAACGAT GTCAACT GGT TGT TGGGOCT TCACT GGCT CAGT AACGAAGCT AACGCGT GGAGT TGACCGCCTGG
GGAGT ACGGCCGCAAGGT T GAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GTGGT TTAAT TCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGT ACGGAACCCT T TAGAGAT AGAGGGGT GCT CGAAAGAGAGCCGT AACACAGGT GCT GCATGGCTGT
CGTCAGCTCGTGTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCT TGT CATTAGT TGCTACAT TCAGT TGGGCACTCTAAT
GAGACT GCCGGT GACAAACCGGAGGAAGGT GEGGAT GACGT CAAGT CCTCATGGOCCT TATAGGT GGGGCTACACACGT CATACAATGG
CTGGTACAAAGGGT TGCCAACCCGOGAGGGGGAGCT AATCCCAT AAAGCCAGT CGTAGT CTGGATCGTAGT CTGCAACTCGACTGOGTG
AAGTCGGAAT CGCTAGT AAT CGTGGAT CAGCAT GT CACGGT GAATACGT TCCCGGGT CTTGCACACACCGOCCGT
>Ql_A 15 18B03. F

TCAACCT GGGAACT GCAT TTGT GACT GCAT CGCT GGAGT GCGGECAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAGATGCGTAGATAT
GCGGAGGAACACCGAT GECGAAGGCAAT CCOCT GBGCCT GCACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACC
CTGGTAGTCCACGOCCTAAACGATGTCAACT GGT TGT TGGT CCT TCACT GGAT CAGT AACGAAGCT AACGCGT GAAGT TGACCGCCTGG
GGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GT GGT TTAAT TCGATGCAACGCGAA
AAACCTTACCCACCTTTGACATGT ACGGAAT TGCGCAGAGAT GT GCAAGT GCT CGAAAGAGAGCCGT AACACGGGT GCTGCATGGCTGT
CGTCAGCTCGTGTCGT GAGATGT TGGGT TAAGT COCGCAACGAGOGCAACCCT TGT CATTAGT TGCTACAT TCAGT TGGGCACTCTAAT
GAGACT GCCGGT GACAAACCGGAGGAAGGT GEGGAT GACGT CAAGT CCTCATGGOCCT TATAGGT GGGGCTACACACGT CATACAATGG
CCGGTACAAAGGGCT GCCAACCCGOGAGGGEGAGCCAAT COCATAAAACCGGT CGTAGT CCGGATCGCAGT CTGCAACT CGACTGOGTG
AAGTCGGAAT CGCTAGT AAT CGT GGAT CAGAAT GT CACGGT GAATACGT TCCOGGGT CT TGT ACACACCGCCCGT

>QlL_A 16_26B04. F

CAGCAGOCGOGGTAAT ACGT ACGGT GOGAGCGT TAATCGGAAT TACT GGT CGT AAAGCGT GOGCAGGCGGCT TTTTAAGCCAGATGTGA
AATCOCCGGGCT TAACCT GGGAACT GCAT TTGGAACT GGAAGGCT ACAT TGCGGCATAGGGGGGT AGAAT TCCACGT GTAGCATTGAAA
TGCGTACAGATGT GGAGGAATACCGAT GGCCAAGGCAGOCCCCT GGGT CGACACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTATATACCCTGGTAGT CCACGCCCTAAACGAT GTCAACT AAT TGT TGGAGGAGT GAAATCCT T TAGT AACGAAACT AACGCGTGAA
GTTGACOGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGGACCOGCACAAGCGGT GGATGATGTGGATTAATTC
GATGCAACGOGAAGAACT TTACCTACCCT TGACAT GTCCGGAACT TGOCAGAGAT GGCT T GGT GOCCGAAAGGGAACCGGAACACAGGT
GCTGCATGGCTGTCGT CAGCTCGTGT CGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTGTCCTTAGT TGCTACGCAA
>QL_A 17_34B05. F

GGGGCT TAACCT GGGAACT GOCT TTGT GACT GCACGGCT AGAGT GT GT CAGAGGGGGGT AGAAT TCCACGT GTAGCAGT GAAATGOGTA
GATATGCAGAGGAAT ACCGAT GGOGAAGGCAGCCOCCT GGGAT AACACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAGGATTAG
ATACCCTGGT AGTCCACGOCCTAAACGAT GTCAACTAGT TGTCGGGT CTTAAT TGACT TGGT AACGCAGCT AACGCGT GAAGT TGACCG
CCTGGGGAGTACGGT CGCAAGAT TAAAACT CAAAGGAAT T GACGGGGACCCGCACAAGOGGT GGATGATGT GGATTAAT TCGATGCAAC
GCGAAAAACCTTACCTACCCTTGACATGGT CGGAAT CCT GGAGAGAT CTGGGAGT GCCOGAAAGAGAACCGGOGCACAGGT GCTGCATG
GCTGTCGTCAGCTCGT GTCGT GAGAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TGT CGCTAAT TGCCAGCAT TGAGT TGGGCAC
TTTAGCGAGACT GCOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGCCCT TATGGGT AGGGCT TCACACGTCATA
CAATGGTCGGTACAGAGGGT TGCCAAACCGOGAGGT GGAGCTAATCCCT TAAAGCCGAT CGTAGT COGGAT CGCAGT CTGCAACT CGAC
TGCGTGAAGT CGGAAT CGCTAGT AAT CGCAGAT CAGCAT GCT GCGGT GAATACGT TCCOGGGT CTTGCACACACCGOCCGT

>QL_A 18_42B06. F

ACCTGGAACT GOCTTTGAAACT AGGT AACT AGAAT CTTGGAGAGGT CAGT GGAAT TCCGAGT GTAGAGGT GAAAT TCGTAGATATTCGG
AAGAACACCAGT GGOGAAGGCGACT GACT GGACAAGT AT T GACGCT GAGGT GOGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGG
TAGTCCACGCOGT AAACGAT GAT AACT AGCT GTCCGGGCACT TGGT GCT TGGGT GBOGCAGCTAACGCAT TAAGT TATCCGCCTGGGGA
GT ACGGTCGCAAGATTAAAACT CAAAGGAAT TGACGGGGGCCT GCACAAGCGGT GGAGCAT GTGGT TTAATTTGAAGCAACGOGCAGAA
CCTTACCAGCGT TTGACAT CCTCATCGOGAT TTCCAGAGATGGAT TTCTTCAGT TCGGCT GGAT GAGT GACAGGT GCTGCATGGCTGTC
GTCAGCTCGTGT CGTGAGGT GT TGGGT TAAGT COOGCAACGAGCGCAACCCT CGTCCT TAGT TGCCATCAT TTAGT TGGGCACTCTAAG
GAAACCGCCGGT GAT AAGCCGGAGGAAGGT GEGGAT GACGT CAAGT CCTCATGGOCCT TACACGCT GGGCTACACACGT GCTACAATGG
CGGTGACAGT GGGCAGCAAACT CGOGAGAGT GAGCT AAT CTCCAAAAGCCGT CTCAGT TCGGAT TGT TCT CTGCAACT CGAGAGCAT GA
AGGCGGAATCGCTAGT AATCGOGGAT CAGCAT GCCGOGGT GAATACGT TCCCGGGT CTTGTACACACCGCCCGT

>QL_A 19 50B07. F

GATGGCGCT TGT GACT GCAAGGCT GGAGT GOGGCAGAGGGGGAT GGAAT TCOGCGT GTAGCAGT GAAAT GCGTAGATATGCGGAGGAAC
ACCGAT GGOGAAGGCAAT CCCCTGGGCCT GCACT GACGCT CAT GCACGAAAGOGT GEGGAGCAAACAGGAT TAGATACCCTGGTAGTCC
ACGCCCTAAACGAT GTCAACT GGTTGT TGGGTCTTAACT GACT CAGT AACGAAGCT AACGOGT GAAGT T GACCGCCT GGGGAGTACGEC
CGCAAGGTTGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGT TTAAT TCGATGCAACGOGAAAAACCTTACC
CACCTTTGACAT GTACGGAACT TGOCAGAGAT GGCT TGGT GCT CGAAAGAGAGCCGT AACACAGGT GCTGCATGGCTGTCGTCAGCTCG
TGTCGTGAGATGT TGGGT TAAGT COCGCAACGAGOGCAACCCT TGTCTTTAAT TGOCATCAT TCAGT TGGCACT TTAACGAGACT GOCG
GTGACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGOCCT TATGGGT AGGGCT TCACACGT CATACAAT GGTCGGTACAGA
GGGTTGOCAAGCCGCGAGGT GGAGCCAAT COCAGAAAGCCGAT CGT AGT COGGAT T GCAGGCT GCAACT CGOCT GCATGAAGT CGGAAT
CGCTAGTAATCGCGGATCAGCAT GTCGOGGT GAATACGT TCCCGGGT CTTGCACACACCGCCOOGT

>QlL_A 20 _58B08. F

CTGGGAACT GCAT TCGT GACT GCAT CGCT GGAGT GCGGCAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAAT GOGT AGATAT GOGGA
GGAACACCGAT GGOGAAGGCAAT COCCTGGECCT GCACT GACGCT CAT GCACGAAAGOGT GEGGAGCAAACAGGAT TAGATACCCTGGT
AGTCCACGOCCTAAACGAT GTCAACT GGT TGT TGGGTCTTCACT GACT CAGT AACGAAGCT AACGCGT GAAGT TGACCGCCTGGGGAGT
ACGGCCGCAAGGTTGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGT TTAAT TCGAT GCAACGOGAAAAACC
TTACCCACCT TTGACAT GTACGGAAT CCTGCAGAGACGCAGGAGT GCT CGAAAGAGAGCCGT AACACAGGT GCTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCATTAGT TGCTACAT TCAGT TGGGCACT CTAATGAGAC
TGCOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CAT GGCCCT TATAGGT GGGGCTACACACGT CATACAAT GGACGGT
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ACAAAGGGCT GOCAACCCGOGAGGGEGAGCCAAT COCATAAAACCGT TCGTAGT CCGGATCGCAGT CTGCAACT CGACT GOGTGAAGTC
GGAATCGCTAGT AAT CGTGGAT CAGCAT GT CACGGT GAATACGT TCCCGGGT CTTGCACACACCGOCCGT

>QL_A 21 _66B09. F

CAGCAGOCGOGGT AATACGT AGGGT GCGAGOGT TAAT CGGAAT TACT GGGCGT AAAGCGT GOGCAGGCGGT CTTGTAAGACGGCTGTGA
AATCOCCGGGCT CAACCT GGGAACT GCAT TTGT GACT GCAT CGCT GGAGT ACGGCAGAGGGGGGT GGAAT TCCTGGTGTAGCAGT GAAA
TGCGTAGAT ATGCGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GRGRCCT GCACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGATGTCAACTGGTTGTT

>QL_A 22 _74B10.F

TAGCTAGAGT CTGT CAGAGGGGGGT GGAAT TCACGT GTAGCAGT GAAAT GCGTAGAGAT GT GAAGACACGAT GCGAAGGCAGCCCCTGG
GATAGACTGACGCTCATGT ACGAAAGCGT GGGAGCAAACAGGAT TAGATACCCT GGT AGT CACGCCCT AAACGAT GTCTACTAGTTGTC
GGGGGGTAACTCCTTCGGT AACGCAGCT AACGCGT GAAGT AGACCGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAATTGAC
GGGGACCCGCACAAGCGGT GGAT GAT GTGGAT TAAT TCGAT GCAACGCGAAAAACCT TACCTACCCT TGACATGCCACTAACGAAGCAG
AGATGCAT TAGGT GCCCGAAAGGGAAAGT GGACACAGGT GCT GCAT GGCT GT CGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGTCCCG
CAACGAGCGCAACCCT TGCCGATAGT TGCT ACGAAAGGGCACT CTAT CGGGACT GOCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT
CAAGTCCTCATGGOCCT TATGGGT AGGGCT TCACACGT CATACAAT GGT CGGT ACAGAGGGCT GCCAACCCGOGAGGGGGAGT TAATCC
CAGAAAACCGAT CGTAGTCCGGAT TGCAGT CTGCAACT CGACT GCAT GAAGT CGGAATCGCTAGT AATCGCGGAT CAGCAT GTCGOGGT
GAATACGTTCCCGGGTCTTGTACACACCGCCCGT

>QL_A 23 82Bl11.F

CAGCAGOCGOGGT AAT ACAGAGGGT GCTAGOGT TGT TCGGAAT TAT T GEGCGT AAAGGGCGOGT AGGCGGT GOGGTAAGT CTGTGGTGA
AATCTCCOGGCT CAACT GGGAGGCT GCCGOGGAAACT GOOGT GCT GGAGT GT GGGAGAGGT GAGT GGAAT TCCOGGT GTAGCGGTGAAA
TGCGTAGAT ATCGGGAGGAACACCT GT GECGAAAGCGGCT CACT GGACCACAACT GACGCT GAGGOGCGAAAGCT AGGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCTAGCCCTAAACGAT GAAT GCT TGGT GT GECGGGT ACCCAAT CCOGCCGT GOOGCAGT TAACGCGATAA
GCATTCOGCCTGGGGAGT ACGGT CGCAAGGCT GAAACT CAAAGGAAT TGACGGGGGECCOGCACAAGCGGT GGAGCATGTGGTTCAATTC
GACGCAACGCGAAGAACCT TACCT GBGCT CGAAGOGCAGT GRACCGGGGT GGAAACAT CCCT TTCOGCAAGGACT GCTGCGTAGGT GCT
GCATGGCTGTCGT CAGCTCGTGTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTATTGOCT GTTGCTAACACGT TATGG
TGAGCACT CCGGECGAAACCGCOCCGRAT AACGGGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGCCT TTATGT CCAGGGCTACACA
CGTGCTACAATGGOCGGTACAAA

>QL_A 24 90Bl12.F

CAGCAGOCGOGGT AATACGT AGGGT GOGAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGT CTTGTAAGACAGCTGTGA
AATCOCCGGGCT CAACCT GGGAACT GCGGT T GT GACT GCAAGACT GGAGT ACGGCAGAGGGGGGT GGAAT TCCTGGOGT AGCAGT GAAA
TGCGTAGAT ATCAGGAGGAACACCGAT GGCGAAGGCAGCCCCOCT GGGRCCTGTACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCTAAACGAT GTCGACT AGT TGT TCGGAGGGT AAAACCT TTGAGT AACGTAGCTAACGCGTGAA
GTCGACOGCCT GGGGAGT ACGECOGCAAGGT CAAAACT CAAAGGAAT TGACGGGGACCOGCACAAGCGGT GGATGATGTGGATTAATTC
GGTGCAACGOGAAAAACCT TACCTACCCT TGACAT GT CAGGAACT TTCCAGAGAT GGAT TGGT GCOCGAAAGGGAGCCT GAACACAGGT
GCTGCATGGCTGT TGTCAGCTCGTGT CGCGAGAT GT TGGGT TAAGT COOGCAACGAGCGCAACCCT TGTCAT TAGT TGCTACGCAGAGC
ACTCTAT GAGACT GCOGGT GACAAACCGGAGGAGGTGGGGATG

>Ql_A 25 03C01.F

CAGCAGOCGOGGT AATACGT AGGGT GCAAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGT GAT GTAAGACGGATGTGA
AATCOCCGGGCT CAACCT GGGAACT GCAT TCGT GACT GCAT CGCT GGAGT GCGGECAGAGGGGGAT GGAAT TCCGCGT GTAGCAGT GAAA
TGCGTAGAT ATGCGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGRCCT GCACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGATGTCAACTGGTTGT TGGGT CTTCACT GACT CAGT AACGAAGCT AACGCGT GAAGT
TGACCGCCT GBGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCCACCT TTGACAT GTACGGAAT CCT GCAGAGACGCAGGAGT GCT CGAAAGAGAACCGT AACACAGGT GC
TGCATGGCT GTCGT CAGCTCGTGTCOGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCTTGTCATTAGT TGCTACACTCAGT TG
GGCACT CTAATGAGACT GCCGGT GACAAACCGGAGGAG

>Ql_A 26_11C02.F

CAAGCGGT GGATGATGTGGT TTAATTCGAT GCAACGCGAAAAACCT TACCCACCT TTGACAT GTACGGAAT TGCGCAGAGATGT GCAAG
TGCTCGAAAGAGAGCCGT AACACAGGT GCT GCAT GGCT GT CGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAA
CCCTTGTCATTAGTTGCTACAT TCAGT TGGGCACT CTAAT GAGACT GOCGGT GACAAACCGGAGGAAGGT GGGEGATGACGT CAAGTCCT
CATGACCCTTATAGGT GGGGCTACACACGT CATACAAT GGCOGGT ACAAAGGGCT GCCAACCCGCGAGGGEGGAGCCAATCCCATAAAAC
CGGTCGTAGT CCGGAT CGCAGT CTGCAACT CGACT GCGT GAAGT CGGAAT CGCTAGT AAT CGT GGAT CAGAAT GTCACGGT GAATACGT
TCCOGGGTCTTGCACACACCGOCCGT

>QL_A 27_19C03.F

AAGT GCATTGGAAACT GCOCATCT GAGT TCCGGAGAGGAAGGGGGAAT GOCGGT GTAGAGT GAAAT TCGTAGAGAT CGGGAGGAATACC
AGTGOCGAAGGOGCCAT CTGGACGGCAACT GACGCT GAGACGCGAAAGCGT GRGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CACGCT
GTAAACGAT GAT CACT GGGT GT AGCGGGT ACTCATT CCT GCTGT GCCGCAGCT AACGCGT TAAGT GATCCGCCT GGGGATTACGGTCGC
AAGACTAAAACT CAAAGGAAT TGACGGGGECCOGCACAAGCGGT GGAGT ATGT GGT TTAAT TCGACGCAACGCGAAGAACCT TACCTGG
GCTTGACATCCCCGGACACAT CCOGGAAACGGGGT CTTCCOCT TCGGEGEGACCGRGAGACAGGT GCTGCAT GECTGT CGTCAGCTCGTG
TCGGGAGAT GTTGGGT TAAGCCCCGCAACGAGCGCAACCCCT GCCT T TAGT TGCCAT CGRGT AGAGCCGGGCACT CTAGAGGGACCGCC
GGTGTCAAACCGGAGGAAGGT GGGGATGACGT CAAGT CCT CAT GGCCT TTATGCCCAGGGCTACACACGT ACTACAAT GGGOGGTACAG
AGGGAAGCGAGGGGGT GACCCGGAGCCAACCCCAAAAAGCCGCT CACAGT TCGGAT CGGAGT CTGCAACT CGACT COGT GAAGGTGGAA
TCGCTAGTAATCGOGGAT CAGCAT GCCGOGGT GAAT COGT TCCCGGRGCCT TGTACACACCGCCOCGT

>QL_A 28_27C04.F

TATAGAACACCGAT TGCGAAGGCAGCT CACT AAACAACGAT TGACGCT GAGGCACGAAAGCGT GGGGAT CAAACAGGAT TAGATACCCT
GGTAGTCACGCCCTAAACGATGATTACT CGACATACGOGATACACAGT GT GTGTCTGAGCGAAAGCAT TAAGT AATCCACCT GGGAAGT
ACGTCCGCAAGGATGAAACT CAAAGGAAT T GACGGGGGT CCGCACAAGCGGT GGAGCAT GT GGT TTAAT TCGAT GATACGCGAGGAACC
TTACCT GGGCTAGAAT GCTGGT GGACT GATGOCGAAAGGT GTTTTTATAGCAAT ATACCGCCAGT AAGGT GCTGCAT GGCTGTCGTCAG
CTCGTGOCGT GAGGT GTTGGGT TAAGT CCCGCAACGAGCGCAACCCCTAT CTTCAGT TGCCAACGGGT AAT GOCGGGAACT CTGAAGAA
ACTGCCGT CGT AAGACGCGAGGAAGGAGGGGAT GATGT CAAGT CATCATGGCCT T TAT GCCCAGGGCTACACACGT GCTACAATGGGGA
GGACAAAGGGECT GCTACCT GGCAACAGGAT GCAAAT CTCAAAAACCT TTTCTCAGT TTGGATTGTAGT CTGCAACTCGACTACATGAAG
CTGGAATCGCTAGTAATCGCGCAT CAGCAAT GGOGCGGT GAAT ACGT TCCCGGACCT TGTACACACCGOCCGT

>QL_A 30_43C06. F
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GGCTTAACCTGGGAACT GCAT TTGTGACT GCAT CGCT GGAGT GCGGCAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAATGCGTAGA
TATGOGGAGGAACACCGAT GBOGAAGGCAAT CCCCT GGEECCT GCACT GACGCT CAT GCACGAAAGCOGT GGGEGAGCAAACAGGAT TAGAT
ACCCTGGTAGT CCACGOCCT AAACGAT GTCAACT GGT TGT TGGTCCT TCACT AGAT CAGT AACGAAGCT AACGOGT GAAGT TGACCGCC
TGGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGEGACCCGCACAAGCGGT GGATGATGT GGT TTAAT TCGAT GCAACGT
GAAAAACCT TACCT ACCCT TGACATGCCT GGAACCT CGCAGAGAT GT GAGGGT GCCCGAAAGGGAGCCGGGACACAGGT GCTGCATGEC
TGTCGTCAGCTCGT GTCGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCT TGCCAT TAGT TGCTACGAAAGGGCACTCTAATG
GGACTGCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGCCCT TAT GGGT AGGGCT ACACACGT CATACAATGGC
TGGTACAGAGGGT TGCCAACCCGCGAGGGGGAGCT AAT CCCATAAAACCAGT CGT AGT CCGGAT CGCAGT CTGCAACT CGACT GOGT GA
AGTCGGAATCGCTAGT AATCGOGGAT CAGCAT GTCGOGGT GAATACGT TCCCGGGT CTTGCACACACCGCCCOGT

>QlL_A 31_51C07.F

TCAACCT GAGAACGGCAT T GGAGACT GCACGGCT AGAGT GCGT CAGAGGGGGEGT AGAAT TCCACGT GTAGCAGT GAAAT GCGTAGAGAT
GTGGAGGAATACCGAT GECGAAGGCAGOCCOCT GRGAT GACACT GACGCT CAT GCACGAAAGOGT GGGGAGCAAACAGGAT TAGATACC
CTGGTAGTCCACGCCCTAAACGAT GTCAATTAGCTGT TGGGGGT TTGAATCCT TGGTAGCGTAGCT AACGOGT GAAATTGACCGCCTGG
GGAGTACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGAT TAAT TCGAT GCAACGCGAA
AAACCT TACCT GGTCT TGACATGTACAGAACT TTCCAGAGAT GGAT TGGT GCCCGAAAGGGAGCT GTAACACAGGT GCTGCATGGCTGT
CGTCAGCTCGTGT CGTGAGATGTTGGGT TAAGT CCOGCAACGAGCGCAACCCTTGCOCAT TAGT TGCTACCAT TCAGT TGAGCACTCTAA
TGGGACT GCCGGT GACAAACCGGAGGAAGGT GEGGAT GACGT CAAGT CCT CATGGCCCT TATGACCAGGGCT TCACACGT CATACAATG
GTCGGTACAGAGGGT AGCCAAGCCGOGAGGT GGAGCCAAT CTCATAAAACCGAT CGTAGT COGGAT CGCACT CTGCAACT CGAGT GOGT
GAAGTCGGAATCGCTAGT AATCGCAGAT CAGCAT GCT GCGGT GAATACGT TCCCGGGT CTTGT ACACACCGCCCGT

>QL_A 33_67C09. F

CAGCAGOCGOGGT AAT ACGAAGGGEGCT AGCGT TGT TCGGAAT TAT TGEGCGT AAAGCGAGOGCAGGCGGT TAGATAAGT CTGAAGT TA
AAGGCT GTGGCTTAACCATAGTACGCT TTGGAAACT GT TTAACT TGAGT GCAAGAGGGGAGAGT GGAAT TCCAT GTGTAGCGGT GAAAT
GOGTAGATATAT GGAGGAACACCGGT GGCGAAAGCGGCT CTCTGGCT TGTAACT GACGCT GGGGCT CGAAAGCGT GGGGAGCAAACAGG
ATTAGATACCCTGGT AGT CCACGCCGT AAACGAT GAGT GCTAGGT GT TAGACCCT TTCTGGGGT TTAGT GCCGCAGCT AACGCATTAAG
CACTCCGCCTGGGGAGT ACGACCGCAAGGT TGAAACT CAAAGGAAT TGACGGGEGGCCCGCACAAGCGET GGAGCAT GTGGTCTAATTCG
AAGCAACGCGAAGAACCT TACCAGGT CTTGACATCCCTCT GACCGCT CTAGAGATAGAGT TTTCCT TCGGEGACAGAGGT GACAGGT GGT
GCATGGTTGTCGTCAGCTCGTGTCGT GAGAT GT TGGGCT AAGT CCOGCAACGAGCGCAACCCCTATTGT TAGT TGCCATCATTCAGTTG
GGCACTCTAGCGAGACT GCOGGT AAT AAACCGGAGGAAGGT GGGGAT GACGT CAAATCATCAT GCCCCT TATGACCT GCGCTACACACG
TGCTACAAT GGCTGGTACAACGAGT CGCAAGCCGGT GACGGCAAGCTAAT CTCTTAAAGCCAGTC

>QL_A 34_75C10. F

CAGCAGCCGOGGT AATACGT AGGGT GCAAGCGT TAATCGGAAT TACT GGGOGT AAAGCGT GOGCAGGCGGT CAT GCAAGACAGATGTGA
AATCCCOGGGCT CAACT TGGGAACT GCATTTGT GACT GCAT GGCT GGAGT GOGGCAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAA
TGOGT AGAT ATGOGGAGGGACACCGAT GGCGAAGGCAAT CCOCT GGGCCT GCACT GACGCT CAT GCACGAAAGOGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCT AAACGAT GTCAACT GGT TGT TGGACGGCT TGCTGT TCAGT AACGAAGCT AACGCOGT GAAGT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCT ACCCT TGACAT GOCAGGAAT CCT GCAGAGAT GOGGGAGT GCTCGAAAGAGAACCT GGGCACAGGTGC
TGCATGGCCGTCGTCAGCT CGTGTCGT GAGAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCTTATCAT TAGT TGCTACGCAAGGGCA
CTCTAGT GAGACT GCOGGT GACAAACCGGAGGAAGT GGGGAT GACGT CAGGT CATCATGGOCCT TATGGGTAGGGCTACACACGT CATA
CAATGGCCGGTACAGAGGGCT GCCAACCCGOGAGGGGAGCTAA

>QL_A 35 83Cl1.F

AGAGAGGGAT GGAATTCCGOGT GT AGCAGT GAAAT GOGT AGAT AT GOGGGGGAACACCGAT GGOGAAGGCAAT COCCT GGGOCT GCACT
GACGCTCATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGGTAGT CCACGCCCTAAACGAT GTCAACT GGT TGT TGGGTCT
TAACTGACT CAGT AACGAAGCT AACGOGT GAAGT TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGAC
CCGCACAAGCGGT GGATGATGTGGT T TAAT TCGAT GCAACGCGAAAAACCT TACCCACCT TTGACATGT ACGGAACT TGCCAGAGATGG
CTTGGTGCT CGAAAGAGAGCCGT AACACAGGT GCTGCAT GGCT GTCGT CAGCT CGTGT CGT GAGATGT TGGGT TAAGT CCOGCAACGAG
CGCAACCCTTGCCATTAGT TGCT ACGAAAGGGCACT CTAAT GEGACT GOCGGT GACAAACCGGAGGAAGGT GGGEGATGACGT CAAGTCC
TCATGGCCCT TATAGGT GGGGCTACACACGT CATACAAT GGCOGGT ACAAAGGGCAGCCAACCCGCGAGGGGGAGCCAATCCCATAAAG
CCGGTCGT AGT CCGGAT CGCAGT CTGCAACT CGACT GCGT GAAGT CGGAAT CGCT AGT AAT CGT GGAT CAGCAT GT CACGGTGAATACG
TTCCCGGGT CTTGT ACACACCGCCCGT

>QL_A 36_91Cl2.F

CAGCAGOCGOGGT AAT ACAGAGGGT GCAAGOGT TGT TCGGAAT TAT TGEGCGT AAAGCGOGT GT AGGCGECCT GGCAAGT TGGGTGTGA
AAGCCCTCGGCT TAACCGAGGAAGT GOGCCCAAAACT ACCT GGCT TGAGT ACCGGAGAGGGT GGOGGAAT TCCOGGT GTAGAGGTGAAA
TTCOGTAGAT ATCGGGAGGGACACCAGT GGCGAAGGCGGECCACCT GGACGGAT ACT GACGCT GAGACGCGAAAGOGT GGGTAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCT GT AAACGAT GAGCGCT AGGT GT TGT GGGT GT TGACCCCCGCAGT GOCGCAGCTAACGCATTAA
GCGCTCCGCCT GGGAAGT ACGECCGCAAGGCT AAAACT CAAAGGAAT T GACGGGGGECCCGCACAAGCGGT GGAGCATGTGGT TTGATTC
GATGCAACGOGAAAAACCT TACCTACCCT TGACAT GCCAGGAAT CTTGCAGAGAT GT GAGAGT GCTCGAAAGAGAACCT GGACACGGTG
CTGCATGGCOGT CGTCAGCTCGT GTCGT GAGAT GTTGGGT TAAGT COCGCAACGAGCGCACCCCT TGTCATTAGT TGCTACGAAAGGEC
ACTCTAATGAAGACT GCCGGT GACAACCGGAGGAAGGA

>QL_A 37_04D01.F

CAGCAGCCGOGGT AATACGT AGGGT GCGAGCGT TAAT CGGAAT TACT GGGOGT AAAGCGT GOGCAGGCGGT GCT GTAAAACCGATGTGA
AATCCCOGGGCT TAACCT GGGAACT GCAT T GGT GACT GCAGCGCT GGAGT AT GGCAGAGGGGGGT GGAAT TCCACGT GTAGCAGT GAAA
TGOGT AGAGAT GT GGAGGAACACCGAT GGCGAAGGCAGCCCOCT GRGOCAATACT GACGCT CAT GCACGAAAGOGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCT AAACGAT GT CAACT GGT TGT TGGGGAT TCAT TTCCT TAGT AACGT AGCTAACGCGT GAAGT
TGACCGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGGACT CGCACAAGCGGT GGATGATGTGGATTAAT TCGA
TGCAACGCGAAAAACCT TACCTACCCT TGACAT GT ACGGAACCCT GOCGAGAGGT GGGEGGT GCCCGAAAGGGAGCCGTAACACAGGTGC
TGCATGGCTGTCGT CAGCTCGT GT CGT GAGGT GT TGGGT TAAGT COCGCAACGAGCGCAACCCT TGTCATTAGT TGCCATCATT
>QL_A 38_12D02.F

GGAGCAAATAGGAT TAGATACCCT GGTAGT ACACGCCCT AAACGAT GT CAACT GGT TGT TGGACGGCT TGCTGT TCAGT AACGAAGCTA
ACGCGT GAAGT TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGATGTG
GTTTAATTCGATGCAACGCGAAAAACCT TACCT ACCCT TGACAT GCCAGGAAT CTTGCAGAGAT GT GAGAGT GCTCGAAAGAGAACCTG
GACACAGGT GCTGCAT GGCCGT CGTCAGCTCGT GTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTGTCATTAGT TGCT
ACGAAAGGGCACT CTAAT GAGACT GCOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAGGT CCT CATGGCCCT TATGGGTAGGGCT
ACACACGT CATACAAT GGCCGGT ACAGAGGGCT GCCAACCT GOGAGGGGGAGCCAAT CCCAGAAAACCGGT CGTAGT COGGATCGCAGT
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CTGCAACTCGACT GOGT GAAGT CGGAAT CGCTAGT AAT CGOGGAT CAGCAT GTCGOGGT GAATACGT TCCCGGGT CTTGCACACACOGC
CCGT

>QlL_A 41_36D05. F
GCTCAACCCGGGAATTGCTTTTAAGACT GGOGGGCT TGAAT CCGRAAGAGGGCAGT GGAAT TCCCAGT GTAGAGGT GAAATTCGTAGAT
ATTGGGAAGAACACCAGT GGCGAAGGCGACT GOCT GGT COGGCAT TGGCGCT CAT GT GCGAAAGCGT GGGGAGCAAACAGGAT TAGATA
CCCTGGTAGTCCACGCOGT AAACGAT GAGT GCTAGT TGT T GGGGT GCT TGCACT TCAGT GACGCAGCT AACGCAT TAAGCACT CCGCCT
GGGGAGTACGGECCGCAAGGT TAAAACT CAAAGGAAT TGACGGEGGECCOGCACAAGCGGT GRAGCATGTGGT TTAATTCGAAGCAACGCG
CAGAACCTTACCAACCT TTGACATGGGAACT AT GGT CGCCAGAGAT GGCT TCCT TCACT TCGGGT GGGT TCCACACAGGTGCTGCATGG
CTGTCGTCAGCT CGTGTCGT GAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCT CATCTTCAGT TGCCATCAGGT TAAGCT GGGCA
CTCTGAAGAAACT GCCGGT GACAAGCCGGAGGAAGGT GGGAAT GACGT CAAGT CCTCATGGOCCT TACAGGT GGGGCTACACACGT CAT
ACAATGGACGGTACAAAGGGCT GCCAACCCGCGAGGGGGAGCCAAT CCCAT AAAACCGT TCGT AGT COGGAT CGCAGT CTGCAACT CGA
CTGOGT GAAGT CGGAATCGCTAGTAATCGT GGATCAGCAT GTCACGGT GAATACGT TCTCGGGT CTTGCACACACCGCCCGT

>QL_A 42_44D06. F

CAGCAGOCGCGGT AAT ACGT AGGGT GCGAGOGT TAAT CGGAAT TACT GGGCGT AAAGCGT GOGCAGGCGGT GAT GTAAGACAGATGTGA
AATCOCCGGGCT CAACCT GGGAACT GCAT TTGT GACT GCAT CGCT GGAGT GCGGECAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAA
TGCGTAGAT ATGCGGAGGAACACCGAT GECGAAGGCAAT CCOCT GGGRCCT GCACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGAT GTCAACTGGTTGT TGGTCCTTCACT GGAT CAGT AACGAAGCT AACGCGT GAAGT
TGACCGCCT GBGGAGT ACGGCOGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCCACCT TTGACAT GTACGGAAT TGOGCAGAGAT GTGCAAGT GCT CGAAAGAGAGCCGT AACACAGGTGC
TGCATGGCTGTCGT CAGCTCGTGTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCTTGTCATTAGT TGCTACATTCAGTTG
GGCACTCTAATGAGACT GCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGOCCT TATAGGT GGGACTACACACG
TCATACAAT GGCCCGGT ACAGAGGGT CGOCAAGCCGCGAGGT GGAGCCAAT CTCATAAAACCGAT CGT AGT COGGAT CGCACTCTGC
>QlL_A 43_52D07.F

CCTGGGAGCT GCACT TGTGGCT GCAAGGCT GGAGT ACGGCAGAGGGGGAT GGAAT TCOGCGT GTAGCAGT GAAATGCGTAGATATGCGG
AGGAACACCGAT GGOGAAGGCAAT COCCT GEGOCT GTACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGG
TAGTCCACGCCCT AAACGAT GTCAACT GGTTGT TGGGCCT TCACT GGCT CAGTAACGAAGCT AACGOGT GGAGT TGACCGOCT GGGGAG
TACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCOGCACAAGCGGT GGAT GATGT GGT TTAAT TCGATGCAACGCGAAAAAC
CTTACCCACCTTTGACATGTACGGAACCCT TTAGAGATAGAGGGGT GCTCGAAAGAGAGCCAT AACACAGGT GCTGCATGGCTGTCGTC
AGCTCGT GTCGTGAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCT TGTCATTAGT TGCTACAT TCAGT TGGGCACT CTAATGAGA
CTGOCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCCT TATAGGT GGGGCT ACACACGT CATACAATGGCTGG
TACAAAGGGT TGCCAACCCGCGAGGGGGAGCT AATCCCAT AAAGCCAGT CGTAGT CCGGAT CGT AGT CTGCAACT CGACT GCGTGAAGT
CGGAATCGCTAGTAAT CGT GGAT CAGCAT GT CACGGT GAATACGT TCOCGGGT CTTGTACACACCGCCOGT

>QlL_A 44_60D08. F

CAGCAGOCGOGGT AATACGT AGGGT GCAAGCGT TAAT CGGAAT TACT GGGCGT AAAGCGT GOGCAGGCGGT GATGTAAGACGGATGTGA
AATCOCCGGGCT CAACCT GGGAACT GCAT TCGTGACT GCAT CGCT GGAGT GCGGECAGAGGGGGAT GGAAT TCOGCGT GTAGCAGT GAAA
TGCGTACAT ATGCGGAAGAACACCGAT GGCGAAGGCAAT CCOCT GGGRCCTGCACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CTACGCCCTAAACGAT GTCAACT GGT TGT TGGGT CTTCACT GACT CAGT AACGAAGCT AACGCOGT GAAGT
TGACCGCCT GGGGAGT ACGGCCOGCAAGGCT AAAACT CAAAGGAAT TGACGGGEGECCCGCACAAGCGGT GGAGCAT GTGGT TTAATTCGA
CGCAACGCGCAGAACCT TACCT GGTCT TGACAT CCT AGGAAT CCGCCAGAGAT GGT GGGGT GOCCGT AAGGGAACCTAGAGACAGGTGC
TGCATGGCTGTCGT CAGCTCGTGTOGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCT CTATCGT TAGT TGOCATCACTCAGTT
GGGCACTCTAGCGAGACT GCOGGOGT CAAGCCGGAGGAAGGT GGGGGAT GACGT CAAGT CCTCATGGCCT T TATGACCAGGCTACACAC
GTGCTACAATGCCGGTACAAAGGGT CGOCAAGT CGC

>QL_A 47_84D11.F

CAGCAGCCGOGGT AAT ACGT AGGGT GCAAGCGT TAAT CGGAAT TACT GGGCGT AAAGCGT GOGCAGGCGGT CTTGTAAGACAGGTGTGA
AATCOCCGGGCT TAACCT GGGAGCT GCACT TGTGACT GCAAGGCT GGAGT ACGGECAGAGGGGGAT GGAAT TCOGCGT GTAGCAGT GAAA
TGCGTAGAT ATGCGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGRCCTGTACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCTAAACGAT GTCAACT GGT TGT TGGGCCT TCACT GGCT CAGT AACGAAGCT AACGCOGT GAAGT
TGACCGCCT GOGGAGT ACGGCOGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCCACCT TTGACAT GTACGGAACCCT TTAGAGAT AGAGGGGT GCTCGAAAGAGAGCCGT AACACAGGTGC
TGCATGGCTGTCGT CAGCTCGTGTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTGTCATTAGT TGCTACATTCAGTAG
GGCACTCTAATGAGACT GCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGOCCT TATAGGT GGGGECTACACACG
TCATACAATGGCTGGTACAAAGGGT TGCCAACCGC

>QlL_A 48 92D12.F

CAGCAGCCGOGGT AAT ACGT AGGGT GCGAGCGT TAAT CGGAAT TACT GGGCGT AAAGCGT GOGCAGGCGGT GAT GTAAGACAGATGTGA
AATCOCCGGGCT CAACCT GGGAACT GCAT TTGTGACT GCAT GACT GGAGT GCGGECAGAGGGAGAT GGAAT TCOGCGT GTAGCAGT GAAA
TGCGTAGAT ATGCGGAGGAACACCGAT GGCGAAGGCAAT CTCCT GGGRCCTGCACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCTAAACGAT GTCAACT GGT TGT TGGACGGCT TGCT GT TCAGT AACGAAGCT AACGCOGT GAAGT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCTACCCT TGACAT GOCAGGAACT TGOCAGAGAT GGCT TGGT GCTCGAAAGAGAGCCT GGACACAGGTGC
TGCATGGCTGTCGTCAGCTCGT GTCGT GAGAT GTTGGGT TAAGT CCCGCAACGAGOGCAACCCTTGTCATTAGT TGCTACGAAAGGGCA
CTCTAATGAGACT GOCGGT GACAAACCGGAGGACGT GGGEGAT GACAT CAGT CCT CAT GGCCCT TATGGGTAGGGCTACACACGTCATAC
AATGGCCGGTACAGAGGGCTG

>Ql_B_1_O05EO01.F

TGACAT AGAACACCAGT TGCGAAGGCAGCT TGCT ACACAACGAT TGACACT GAGGCACGAAAGCGT GGGGAT CAAACAGGAT TAGATAC
CCTGGTAGT CCACGCCCCT AACGAT GGAT ACT CGACAT CAGCGATACACAGT TGGTGTCT GAGCGAAAGCAT TAAGTATCCCACCT GGG
AAGTACGACCGCAAGGT TGAAACT CAAAGGAAT TGGCGGEGGT CCGCACAAGCGET GGAGCAT GTGGT TTAAT TCGATGATACGCGAGG
AACCTTACCT GGGCT AGAAT GCTGGGAGACCGT CCCTGAAAGGGGAT TTTGT AGCAAT ACACT GCCAGT AAGGT GCTGCATGGCTGTCG
TCAGCTCGTGOCGT GAGGT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCCT AT CAT TAGT TGCCAACAGGT TAAGCTGGGAACTCTAA
TGAAACT GCCGTCGCAAGACGT GAGGAAGGAGGGGAT GAT GTCAAGT CATCATGGCCT TTATGOCCAGGGCTACACACGT GCTACAATG
GGGOGTACAAAGGGCT GCAACGT AGCGAT ATGAAGCCAAT COCAAAAAACGOCT CTCAGT TCAGAT T GGAGT CTGCAACT CGACTCCAT
GAAGCTGGAATCGCTAGT AATCGTATATCAGCAAT GATACGGT GAAT ACGT TCCOGGACCT TGCACACACCGCCCGT

>Ql_B_2 13E02.F
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CAGCAGCCGOGGT AATACGT AGGGT GCAAGCGT TAAT CGGAAT TACT GBGOGT AAAGCGT ACGCAGGCGGCT TTGCAAGACAGGT GTGA
AATCCCOGGGCCTAACCT GGGAACT GCATTTGTGACT GCATAGCT AGAGT CT GT CCGAGGGGGGT GGAAT TCCACGT GTAGCAGT GAAA
TGOGT AGAGATGT GGAAGAACACCGACGGCGAAGGCAGCCCCCT GGGAT AAGACT GACGCT CAT GT ACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCT AAACGAT GT CTACTAGT TGT CGGGGGGT AACT CCTTCGGTAACGCAGCTAACGOGT GAAGT
AGACCGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT T GACGGGGACCCGCACAAGCGGT GGAT GATGT GGAT TAATTCGA
TGCAACGCGAAAAACCT TACCTACCCT TGACAT GCCACT AACGAAGCAGAGAT GCAT TAGGT GCCCGAAAGGGAAAGT GGACACAGGTG
CTGCATGGCTGTCGTCAGCTCGT GTCGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCCT TGCCGATAGT TGCTACGAAAGGG
CACTCTATCGGGACT GOCGGT GACAAACCGGAGGAAGGT GGGGATG

>QL_B 3 21E03.F

CAGT GTAGAGT GAAAT CGT AGAT AT GGGAAGAACACCGGT GTGAAGGCGGCCAT CTGGACGGACACT GACGCT GAGGCGCGAAAGCGTG
GGGAGCAAACAGGATTAGATACCCT GGT AGT CCACGCCGT AAACGAT GAAT GCT AGACGT CGBGGT GCAT GCACT TCGGT GTCGCCGCT
AACGCATTAAGCATTCCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGEGCCCGCACAAGCGGT GGAGCATGT
GGTTTAATTCGAAGCAACGCGCAGAACCT TACCAACCCT TGACAT GT CCACTATGGT CGT CAGAGAT GGCGTCCTTCAGT TCGGCT GGG
TGGAACACAGGT GCT GCATGGCTGT CGT CAGCT CGTGT CGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCCTACCGTCAGT T
GCCATCATTCAGT TGGGCACT CT GGT GGAACCGCCGGT GACAAGCCGGAGGAAGGOGEGGAT GACGT CAAGT CCTCATGGCCCT TATGG
GTTGGGCTACACACGT GCTACAAT GGCGGT GACAGT GGGAAGCGAAGT CGOGAGAT GGAGCCAAT CCCCAAAAGCCGT CTCAGT TCGGA
TCOGTACTCTGCAACT CGAGT GOGT GAAGT TGGAAT CGCT AGT AAT CGOGGAT CAGCACGCCGOGGT GAATACGT TCCCGGGCCTTGTAC
ACACCGCCCGT

>QL_B 4_29E04. F

AGATGT GAAAT CCCCGAGCT CAACT TGGGAACT GCGT T TGGAACT GTTTAACT AGAGT GCGT CAGAGGGGGGT GGAAT TCCGOGTGTAG
CAGTGAAATGOGT AGAGAT GT GGAGGAAT ACCGAT GECGAAGGCAGCCCCCT GRGAT GACACT GACGCT CATGCACGAAAGCGT GGGGA
GCAAACAGGAT TAGATACCCT GGTAGT CCACGCCCTAAACGAT GTCAAT TAGCT GTTGGGGGT TTGAATCCTTGGTAGCGTAGCTAACG
CGTGAAATTGACCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGATGTGGTT
TAATTCGAT GCAACGCGAAAAACCT TACCCACCT TTGACAT GTACGGAACCCT CTAGAGAT AGAGGGGT GCT CGAAAGAGAGCCGTAAC
ACAGGT GCTGCATGGCT GTCGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCT TGTCATTAGT TGCTACA
TTCAGTTGGGCACT CTAAT GAGACT GOCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGCCCT TATAGGT GGGGC
TACACACGT CATACAAT GGCTGGT ACAAAGGGT TGCCAACCCGCGAGGGGGAGCT AAT CCCAT AAAGCCGGT CGTAGT CCGGATCGTAG
TCTGCAACT CGACT GOGT GAAGT CGGAAT CGCTAGT AAT CGT GGAT CAGCAT GT CACGGT GAATACGT TCCCGGGT CTTGTACACACCG
CCCGT

>QL_B 5 37E05. F

CAGCAGCCGOGGT AATACGAAGGGGGECT AGCGT TGT TCGGAAT TACT GGGOGT AAAGCGCGOGT AGGCGGT GAT CCATGT CAGAGGTGA
AAGCCT GGGGCT CAACT CCAGAAT TGOCAT TGAAACGGGAT CGCTAGAGT CCGAGAGAGGAT GGOGGAAT TCCTAGT GTAGAGGT GAAA
TTCGTAGATATTAGGAAGAACACCGGT GGCGAAGGCGGECCAT CTGGCT CGGTACT GACGCT CAGGCGCGAAAGOGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCGT AAACGAT GAGT GCTAGT TGT TGGGAAGT TTACT TCT CAGT GACGCAGCTAACGOGT TAAGC
ACTCCGCCTGGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT T GACGGGGECCCGCACAAGCGGT GGAGCAT GTGGT TTAATTCGA
AGCAACGCGAAGAACCT TACCGGCCCT TGACAT GGGT GTCGCGAGT COCAGAGACGGGACT CTTCAGT TCGGCTGGACACCACACAGGT
GCTGCATGGCTGTCGTCAGCT CGT GTCGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCT CGTCTTCAGT TGCCATCATTTAG
TTGGGCACT CTGAAGAAACCGOCGGT GACAAGCCGGAGGAAGGT GEGGAT GACGT CAAGT CATCAT GGCCCT TACGGGCCGGGCTACAC
ACGTGCTGCAATGGT GACT ACAGAGGGCAGCGAGCGT GOGAACGCAAGCT AATCCCAAAAAGT CATCTCAGT TCGGATTGTTCTC
>QL_B 6_45E06. F

TCAACCTGAGAACT GCATTCGTGACT GCAT CGCT GGAGT GCGGECAGAGGGGGAT GGAAT TCOGCGT GTAGCAGT GAAAT GCGTAGATAT
GOGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGOCT GCACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACC
CTGGTAGTCCACGCCCTAAACGAT GTCAACT GGT TGT TGGGT CTTCGCT GACT CAGT AACGAAGCT AACGCGT GAAGT TGACCGCCTGG
GGAGTACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGT TTAAT TCGAT GCAACGCGAA
AAACCTTACCCACCT TTGACATGTACGGAAT CCTGCAGAGACGCAGGAGT GCTCGAAAGAGAACCGT AACACAGGT GCTGCATGGCTGT
CGTCAGCTCGTGT CGTGAGATGT TGGGT TAAGT CCOGCAACGAGCGCAACCCTTGTCAT TAGT TGCTACAT TCAGT TGGGCACT CTAAT
GAGGCTGCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGCCCT TATAGGT GGGGCT ACACACGT CATACAATGG
ACGGT ACAAAGGGCT GCCAACCCGCGAGGGGGAGCCAAT CCCATAAAACCGT TCGT AGT CCGGAT CGCAGT CTGCAACT CGACTGCGTG
AAGTCGGAAT CGCTAGTAAT CGT GGATCAGCAT GT CACGGT GAAT ACGT TCCOGGGT CTTGCACACACCGCCOGT

>QL_B 8_61E08. F

CAGCAGCCGCGGT AATACGT AGGGT GCAAGOGT TAATCGGAAT TACT GGGOGT AAAGCGT GOGCAGGCGGT TGTGTAAGT CTGATGTGA
AAGCCCOGGGCT CAACCT GGGAACGGCAT TGGAGACT GCACGGCT AGAGT GCGT CAGAGGGGGGT AGAAT TCCACGT GTAGCAGT GAAA
TGOGT AGAGATGT GGAGGAAT ACCGAT GGCGAAGGCAGCCCOCT GGGAT GACACT GACGCT CAT GCACGAAAGOGT GGGGAGCAAACAG
GATTAGATATCCTGGTAGT CCACGCCCT AAACGAT GTCAAT TAGCT GT TGGGGGT TTGAATCCT TGGTAGCGT AGCTAACGCGT GAAAT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCOGCACAAGCGGT GGATGATGTGGATTAATTCGA
TGCAACGCGAAAAACCT TACCTGCT CTTGACAT GT COGGAACCT CGCAGAGACGCGAGGGT GCCCGAAAGGGAGCCGGAACACAGGT GC
TGCATGGCTGTCGTCAGCTCGTGTCGT GAGAT GTTGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCATTAGT TGCCATCATTTGGTT
GGGCACT CTAAT GAGACT GCOGGT GACAAACCGGAGGAAGGT GBGGAT GACGT CAAGT CCTCAT GGCCCT TATGGGTAGGGCTTCACAC
GTACTACAATGGGCGGT ACAGAGGGAAGCGAGGGGGET GACCCGGAGCCAACCCCAAAAAGCCGCTC

>QL_B 9 69E09. F

CTGCGTTTGTGACT GTAAGACT CGAGT GT GGCAGAGGGGGGT GGAATTCCACGT GTAGCAGT GAAAT GCGTAGAGAT GT GGAGGAACAC
CGATGGECGAAGGCAGCCCCCT GRGT CAACACT GACGCT CATGCACGAAAGCGT GGGT AGCAAACAGGAT TAGATACCCT GGTAGTCCAC
GCCCTAAACGAT GCGAACT AGGT GT TGGAGAAGGAGACT TCTTTAGT ACCGCAGCT AACGOGT GAAGT TCGOCGCCT GRRGAGCACGGT
CGCAAGATTAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGAT TAAT TCGAT GCAACGCGAAAAACCT TACC
TACCCTTGACATGCAGGAACT TTCCAGAGATGGAT TGGT GCCCGAAAGGGAGCCT GAACACAGGT GCTGCATGGCT GTCGT CAGCTCGT
GTCGTGAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCTTGTCATTAGT TGCTACGCAAGAGCACT CTAAT GAGACT GCCGGTGAC
AAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCCT TAT GGGT AGGGCT TCACACGT CATACAAT GGTCGGTACAGAGGGTT
GCCAAGCCGOGAGGT GGAGCCAAT CCCAGAAAGCCGAT CGTAGT COGGAT CGT AGT CTGCAACT CGACT ACGT GAAGT CGGAATCGCTA
GT AATCGCGGAT CAGCAT GCOGCGGT GAATACGT TCCCGGGT CT TGTACACACCGCCCGT

>QL_B 10 _77E10.F

GTAGCTAGAAT CTGGAGAGGOGAGT GGAAT TCCGAGT GTAGAGGT GAAAT TCGT AGATAT TCGGAAGAACACCAGT GACGAAGGCGACT
CGCTGGACAAGT AT TGACGCT GAGGT GCGAAAGCGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CCACGCCGTAAACGAT GATAA
CTAGCTGTCOGGGCACT TGGT GCT TGGGT GGOGCAGCT AACGCAT TAAGT TAT CCGOCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAA
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AGGAAT TGACGGGGGCCT GCACAAGCGGT GGAGCAT GTGGT TTAAT TCGAAGCAACGCGCAGAACCT TACCAGCCT TTGACATCCCGCG
CTACTTCCAGAGATGGAAGGT TCCCT TCGGGGACGOGGT GACAGGT GCT GCAT GGCTGT CGTCAGCTCGT GTCGT GAGATGT TGGGTTA
AGTCCCGCAACGAGCGCAACCCTCGTCCTTAGT TGCCATCAT TTAGT TGGGCACT CTAAGGAAACCGCCGGT GATAAGCCGGAGGAAGG
TGGGGATGACGT CAAGT CCT CATGGCCCT TACAGGCT GGGCT ACACACGT GCTACAAT GGCGGT GACAGCGGGCAGCCACT TCGCAAGA
AGGCGCTAAT COCGAAAAGCCGT CCCAGT TCGGAT TGT TCT CTGCAACT CGAGAGCAT GAAGGOGGAAT CGCTAGT AATCGCGGATCAG
CATGOCGCGGT GAATACGT TCCCAGGCCT TGCACACACCGCCCGT

>Ql_B_11 85E1l.F

CAGCAGCCGOGGT AATACGT AGGGGGECAAGOGT TGT CCGGAT TTACT GGGT GT AAAGGGCGOGT AGGCGGGT CTTTAAGT CAGTGGTGA
AATCCTGCAGCT TAACT GCAGAACT GCCAT TGATACT GAAGATCT T GAGT GCGGAAGAGAGAGAT GGAAT TCCAGGT GTAGT GGTGAAA
TACGTAGATATCT GGAAGAACACCAGT TGCGAAGGCGAT CTCT TGGT CCGATACT GACGCT GAGGCGOGAAAGCGT GGGTAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCT GT AAACGAT GAAT ACTAGGT GT TGGGT CGCAAGAT TCAGT GCCGCAGCAAACGCATTAAGTAT
TCCACCTGGGGAGT ACGAT CGCAAGGT TGAAACT CAAAGGAAT TGACGGGGGCCCGCACAAGCAGT GGAGCATGTGGTTTAATTCGATG
CAACGOGAAGAACCTTACCTAGGCT TGAAAAGCAAGT GACAGGCT GTGAAAGCAGCT TTCCOGCAAGGGCACT TGTACAGGT GCTGCAT
GGCTGTCGT CAGCT CGT GCOGT GAGGT GT TGGGT TAAGT COCGCAACGAGCGCAACCCCT ACCAT TAGT TGOCAT CAGGT AAAGCTGAG
CACTCTAATGGGACT GCCT ACGCAAGT AGT GAGGAAGT GGGGAT GACGT CAAGT COGCAT GGCCCT TACGCCTAGGGCTACACACGTGC
TACAATGGATACAACAACGGGT TGCTAAGCGC

>Ql_B_12 93E12.F

CAGCAGCCGOGGT AATACGT AGGGT GOGAGCGT TAATCGGAAT TACT GGGOGT AAAGCGT GOGCAGGCGGT GATGTAAGACAGATGTGA
AATCCCOGGGCT CAACCT GGGAACT GCAT TTGT GACT GCAT CGCT GGAGT GCGECAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAA
TGOGTAGAT ATGCGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGCCT GCACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCT AAACGAT GTCAACTGGT TGT TGGTCCT TCACT GGAT CAGT AACGAAGCTAACGCGT GAAGT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGATGTGGT TTAATTCGA
TGCAACGCGAAAAACCT TACCCACCT TTGACAT GT ACGGAAT TGCGCAGAGAT GT GCAAGT GCTCGAAAGAGAACCGT AACACAGGT GC
TGCATGGCTGTCGT CAGCT CGT GT CGT GAAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCT TGTCATTAGT TGCTACATTTAGT T
G

>QlL_B_13_06F01.F
CGAACCGAGCTACGCAATAGTACCCOGCCT GEGAAGT ACGGT CGCAGACT AAACT CAAAGGAAT T GACGGGGEGECCCGCACAGCGGT GGA
TCATGTGGT TTAATTCGAAGCAACGCGAAGAACCT TACCT GGGT TTGACAT CTCCGGACAT COGT AGAGATACGGCT TTCGTAGCAATA
CGACCGGAAGACAGGT GCT GCAT GGCTGT CGTCAGCT CGT GT GGT GACAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCCTT
AGTTGCCAGCAT TCAGT TGGGCTCT CTAAGGAGACT GOCGT GGT TAACACGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCTTT
ATATCCAGGGCGACACACGT GATACAAT GGACGGT ACAAAGGGACGCGAACCCGCGAGGEGGAGCT AATCT CAAAAAACCGT TCTCAGT
TCGGATTGGAGT CTGCAACT CGACT CCAT GAAGT TGGAAT CGCTAGT AAT CGOGGAT CAGCACGCCGOGGT GAATACGT TCCOGGGCCT
TGCACACACCGCCCGT

>QL_B 15 _22F03. F

CGAGCT TAACT TGGGAATTGOGT T TGGAACT GAGCAT CTAGAGT CTGT CAGAGGGGGAT GGAAT TCCACGT GTAGCAGT GAAATGCGTA
GAGATGT GGAGGAACACCGAT GGCGAAGGCAGT CCOCT GGGAT AAGACT GACGCT CAT GCACGAAAGCGT GGGEGAGCAAACAGGATTAG
ATACCCTGGTAGT CCACGCCCTAAACGAT GTCGACT GGGT GT TGGGGT AGCAATACCT CAGT GACGCAGCT AACGCGT GAAGT AGACCG
CCTGGGGAGTACGGTCGCAAGAT TAAAACT CAAAGGAAT TGACGGGGEGECCOGCACAAGCGGT GGATTAT GTGGAT TAAT TCGATGCAAC
GCGAAAAACCT TACCT GGCCT TGACAT GCCACT AACGAAGCAGAGAT GCAT TAGGT GCCCGAAAGGGAAAGT GGACACAGGT GCTGCAT
GGCTGTCGT CAGCT CGTGT CGTGAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCT TGOCGATAGT TGCTACAT TCAGT TGAGCAC
TCTATTGGGACT GCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGCCCT TATGGCCAGGGCT TCACACGTAATA
CAATGGT CGGTACAGAGGGT CGCCAACCCGOGAGGGEGEGAGCT AAT CTCAGAAAGCCGAT CGTAGTCOGGAT TGCAGT CTGCAACTCGAC
TGCATGAAGT CGGAATCGCT AGT AATCGCGGAT CAGCAT GCOGCGGT GAAT ACGT TCCCGGGCCT TGCACACACCGCCOGT

>QL_B 16_30F04. F

CAGCAGCCGOGGT AATACGAGGGGGECGAGCGT TGT TCGGAAT TAT TGGGOGT AAAGGGT GOGT AGGCGGT TTGGTAAGT CTGATGTGA
AATCTATGGGCTCAACT CATAGT CT GCATCGGAAACT GOCGGGCT TGAGT GT GGGAGAGGT GAGT GGAAT TCCTGGT GTAGCGGTGAAA
TGOGTAGAT ATCAGGAGGAACACCT GT GGCGAAAGCGGCT CACT GGACCAT AACT GACGCT GAT GCACGAAAGCT AGGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCTAGCCCT AAACGAT GACT GOCT GGT GT GACGGGT ACCCAAT CCCGCCGT GOOGTAGCTAACGCGT TAA
GCAGTCCGCCT GGGGAGT ACGGT CGCAAGGCT GAAACT CAAAGGAAT T GACGGGGGECCCGCACAAGCGGT GGAGCATGTGGT TTAATTC
GACGCAACGCGAAGAACCT TACCT GGGCT CGAAAT GCT AT GGACCGGAGT AGAAAT AT TCCT TCCCOGCAAGGGGCCGTAGTATAGGTG
CTGCATGGCTGTCGTCAGCTCGT GTCGT GAGAT GTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TATCTTCAGT TGCTACCATTTAGT
TGAGCACTCT GACGAAACCGCOCT CGGAT AACGGGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCT TTATGTCCAGGCTACACAC
GTGCTACAATGGCCGGT ACAAACCGT CGCAAACCCGT GAGGGGAGCCAAT CGGAAAAGCCGGECCT CAGT TCGGAT TGGAGTCT

>QL_B 18 _46F06. F

GAT GGOGAAGGCAGCCCCCT GRGAT AAGACT GACGCT CATGTACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGGTAGT CCACG
CCCTAAACGATGTCTACTAGT TGT CGGGGGGT AACT CCT TCGGT AACGCAGCT AACGCGT GAAGT AGACCGCCT GGGGAGT ACGGT CGC
AAGAT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GTGGAT TAAT TCGAT GCAACGCGAAAAACCT TACCTAC
CCTTGACATGCCACTAACGAAGCAGAGAT GCAT TAGGT GCCCGAAAGGGAAAGT GGACACAGGT GCTGCATGGCT GTCGTCAGCTCGT G
TOGT GAGAT GTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TGT CGT TAAT TGCCATCAT T TAGT TGGGCACT TTAACGAGACT GCCGG
TGACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCT TTAT GGGT AGGGCT ACACACGT CATACAAT GGCCGGTACAGAG
GGCTGCCAACCCGCGAGGGGGAGCCAAT COCAGAAAACCGGT CGTAGT CCGGAT CGCAGT CTGCAACT CGACT GOGT GAAGT CGGAATC
GCTAGTAATCGOGGAT CAGCT TGCCGOGGT GAATACGT TCCCGGGT CTTGCACACACCGCCCGT

>QL_B 19 _54F07. F

GGGAACTGCCTTTGAAACT AGGT AACT AGAAT CT TGGAGAGGT CAGT GGAAT TCCGAGT GTAGAGGT GAAATTCGTAGATATTCGGAAG
AACACCAGT GGCGAAGGOGACT GACT GGACAAGT AT TGACGCT GAGGT GCGAAAGCGT GEGGAGCAAACAGGAT TAGATACCCTGGTAG
TCCACGCOGT AAACGAT GATAACT AGCT GT COGGGCACT TGGT GCT TGGGT GGCGCAGCT AACGCAT TAAGT TAT COGCCT GGGGAGTA
CGGTCGCAAGGT TAAAACT CAAAGGAAT T GACGGGGEGECCT GCACAAGCGGT GGAGCAT GT GGT T TAAT TCGAAGCAACGCGCAGAACCT
TACCAGCGT TTGACATCCT CATCGCGAT TTCCAGAGAT GGAT TTCT TCAGT TCGGCT GGAT GAGT GACAGGT GCTGCATGGCTGTCGTC
AGCTCGTGTCGTGAGATGT TGGGT TAAGT CCCGCAACGGECGCAACCCTCGT CCTTAGT TGCCATCAT TTAGT TGEGCACTCTAAGGAA
/ACCGCCGGT GATAAGCCGGAGGAAGGT GGGGAT GACGT CAAGT CCT CATGGCCCT TACACGCT GGGCT ACACACGT GCTACAATGGCGG
TGACAGT GGGCAGCAAACT CGOGAGAGT GAGCTAAT CTCCAAAAGCCGT CTCAGT TCGGAT TGT TCTCTGCAACT CGAGAGCATGAAGG
CGGAATCGCTAGT AATCGCGGAT CAGCAT GOCGCGAT GAATACGT TCCCAGGCCT TGT ACACACCGCCCGT

>QL_B 20_62F08. F
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AACCT GGGAACT GOGT TTGT GACT GT GOGACT AGAGT ACGGCAGAGGGAGGT GGAAT TCCACGT GT AGCAGT GAAAT GOGT AGAGATGT
GGAGGAACACCGAT GGOGAAGGCAGCCT CCTGGGCCAGT ACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT
GGTAGTCCACGCCCTAAACGATGT CGACTAGT TGT TCGGGGAGGAGACCCCT TGAGT GACGCAGCT AACGCGT GAAGT CGACCGCCTGG
GGAGTACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGAT TAAT TCGAT GCAACGCGAA
AAACCT TACCTACCCT TGACATGCCT GGAACT TGCCAGAGAT GGCT TGGT GCCT TCGGGAGCCAGGACACAGGT GCT GCATGGCTGTCG
TCAGCTCGT GTCGT GAGAT GTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TGT CACTAGT TGCCACCAT TCAGT TGGGCACTCTCGTG
AGACT GCOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGCCCT TATGGGTAGGGCT TCACACGT CATACAAT GGT
CGGT ACAGAGGGT TGCCAAGCCGCGAGGT GGAGCCAAT COCAGAAAGCCGAT CGTAGT CCGGATCGTAGT CTGCAACT CGACTACGTGA
AGTCGGAATCGCTAGT AATCGCAGAT CAGCAT GCT GCGGT GAATACGT TCCCGGGT CTTGCACACACCGCCCGT

>QL_B 21_70F09. F

TGCATTTGT GACTGCATAGCTAGAGT CTGT CAGAGGGGGGT GGAAT TCCACGT GT AGCAGT GAAAT GOGT AGAGAT GTGGAAGAACACC
GAT GGOGAAGGCAGCCCCCT GRGATAAGACT GACGCT CATGTACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGGTAGT CCACG
CCCTAAACGATGTCTACTAGT TGT CGGGGGGETAACT CCT TCGGT AACGCAGCT AACGOGT GAAGT AGACCGOCT GGGGAGT ACGGTCGC
AAGAT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GT GGAT TAAT TCGAT GCAACGCGAAAAACCT TACCTAC
CCTTGACATGCCACTAACGAAGCAGAGAT GCAT TAGGT GCCCGAAAGGGAAAGT GGACACAGGT GCTGCAT GECT GTCGT CAGCTCGTG
TOGT GGGAT GTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TGT CATTAGT TGCTACAT TCAGT TGGGCACT CTAATGAGACT GCCGGT
GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCCT TAT AGGT GGGGCT ACACACGT CATACAAT GGACGGTACAAAGG
GCTGOCAACCCGCGAGGGGGAGCCAAT CCCATAAAACCGT TCGT AGT CCGGAT CGCAGT CTGCAACT CGACT GOGT GAAGT CGGAATCG
CTAGTAATCGT GGATCAGCAT GT CACGGT GAAT ACGT TCCCGGGT CTTGCACACACCGCCOGT

>QL_B 22_78F10. F

TGCGGCAGAGGGEGAT GGAAT TCCGOGT GT AGCAGT GAAAT GOGT AGAT AT GOGGAGGAACACCGAT GGCGAAGGCAAT CCCCCGGEEG
TGCACTGACGCT CAT GCACGAAAGCGT GEGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCCCTAAACGATGTCAACTGGTTGTT
GGGTCTTCACTGACTCAGT AACGAAGCT AACGCGT AAAGT TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGAC
GGGGACCCGCACAAGCGGT GGAT GATGT GGT TTAAT TCGAT GCAACGCGAAAAACCT TACCCACCT TTGACAT GTACGGAATCCTGCAG
AGACGCAGGAGT GCT CGAAAGAGAGCCGT AACACAGGT GCT GCAT GGCT GT CGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGT CCCGC
AACGAGCGCAACCCT TGTCATTAGCT GCTACAT TCAGT TGGGCACT CTAAT GAGACT GOCGGT GT TAAACCGGAGGAAGGT GGGGATGA
CGTCAAGTCCTCATGGOCT TTATGACT AGGGCT GCACACGT CCTACAAT GGCAT GTACAAAGGGAT GCAAACT CGOGAGAGCAAGCAAA
TCCCAAAAAACAT GCOCCAGT TCGGAT TGCAGGCT GCAACCCGCCT GCAT GAAGCCGGAAT CGCTAGTAATCACGGGT CAGCATACCGC
GGTGAATGTGT TCCTGAGCCT TGT ACACACCGCCOGT

>QL_B 23 86F11.F

GCAGAGGGGGGT GGAAT TCOGOGT GTAGCAGCGAAAT GCGTAGAGAT GCGGAGGAACACCGAT GGOGAAGGCAGT CCCCT GGGCCAACA
CTGACGCT CAGGCACGAAAGCGT GGGGAGCAGACAGGAT TAGATACCCT GGTAGT CCACGCCCCAAACGAT GTCAACT GGGTGT TGEGG
GAGAGATCCCTTGGTACCGTAGCT AACGCGT GAAGT TGACCGCCT GEGGAGT ACGGOCGCAAGGT TAAAACT CAAAGGAAT TGACGGGG
/ACCCGCACAAGCGGT GGATGATGT GGAT TAAT TCGAT GCAACGCGAACAACCT TACCT ACCCT TGACAT GT COGGAAGCCT GCTGAGAG
GTGGGTGT GCCCGAAAGGGAACCGGAACACAGGT GCTGCAT GGCT GTCGT CAGCT CGT GT CGTGAGAT GT TGGGT TAAGT CCOGCAACG
AGCGCAACCCT TGTCCCTAGT TACT ACGCAAGGGCACT CTAGGGAGACT GCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT
CCTCATGGCCCT TATGGGT AGGGCT TCACACGT CATACAAT GGACGGT ACAGAGGGT TGCCAACCCGCGAGGGGGAGCCAAT CCCAGAA
AGCCGT TCGT AGT CCGGAT CGCAGT CTGCAACT CGACT GOGT GAAGT CGGAAT CGCT AGT AAT CGOGGAT CAGCAT GCOGCGGT GAATA
CGTTCCCGGGT CTTGTACACACCGCCCGT

>QL_B 24 94F12. F

CAGCAGCCGOGGT AATACGGGGGGGECAAGCGT TGT TCGGAAT TACT GGGOGT AAAGGGCT CGT AGGCGGCCAACTAAGT CATACGT GA
AATCCCTCGGCT TAACCGGGGAACT GOGT CTGATACT GGATGGCT TGAGT TCGEGAGAGGGAT GOGGAAT TCCAGGT GTAGCGGT GAAA
TGOGTAGATATCT GGAGGAACACCGGT GGCGAAGGCGGECAT CCT GGACCGAT ACT GACGCT GAGGAGCGAAAGCCAGGGGAGCAAACGG
GATTAGATACCCCGGTAGT CCTGGCCCT AAACGAT GAAT GCT TGGT GT GGOGGGT AT CGACCCCT GCCGT GCCGAAGCT AACGCATTAA
GCATTCCGCCT GGGGAGT ACGGT CGCAAGGCT GAAACT CAAAGGAAT TGACGGEGGGCCCGCACAAGCGGT GGAGCATGT GGTTCAATTC
GACGCAACGCGAAGAACCT TACCCAGGCT TGAACAGCGAGT GACCACT TCOGAAAGGAAGCT TCCGCAAGGACACT CGTAGAGGTGCTG
CATGGCTGTCGTCAGCTCGTGT CGOGAAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTGTCTTCTGT TGOCATCAGGT TATGC
TGGGCACT CT GAAGAGACT GCCGGT GAT AAACGGAGAGGT GGGEGAT GACGT CAAGT CAGCATGGACT TTATGT CTGGGGCT ACACACGT
GCTACAATGGCAGATACA

>QL_B 25 07Q01. F

GGTAACT AGAAT CT GGAGAGGT CAGT GGAAT TCCGAGT GTAGAGGT GAAAT TCGTAGAT AT TCGGAAGAACACCAGT GCGAAGGCGACT
GACTGGACAAGT AT TGACGCT GAGGT GCGAAAGCGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT ACACGCCGTAAACGAT GATAA
CTAGCTGTCOGGGCACT TGGT GCT TGGGT GGOGCAGCT AACGCAT TAAGT TAT CCGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAA
AGGAAT TGACGGGEGCCT GCACAAGCGGT GGAGCAT GTGGT TTAAT TCGAAGCAACGOGCAGAACCT TACCAGCGT TTGACATCCTCGT
CGCGATTTCCAGAGATGGATTTCT TCAGT TCGGCT GGAT GAGT GACAGGT GCTGCATGGCT GTCGT CAGCT CGT GTCGTGAGATGTTGG
GTTAAGT CCOGCAACGAGCGCAACCCTCGTCCT TAGT TGCCAT CATTTAGT TGGGCACT CTAAGGAAACCGCCGGT GATAAGCCGGAGG
AAGGT GGGGAT GACGT CAAGT CCTCATGGCCCT TACACGCT GGGCTACACACGT GCT ACAAT GGOGGT GACAGT GGGCAGCAAACT CGC
GAGAGTGAGCTAAT CTCCAAAAGCCGT CTCAGT TCGGAT TGT TCTCTGCAACT CGAGAGCAT GAAGGCGGAAT CGCTAGT AATCGOGGA
TCAGCAT GCCGOGGT GAAT ACGT TCCOGGGT CTTGCACACACCGCCCGT

>Ql_B_26_15@02. F

CAGCAGCCGOGGT AATACGTAGGGT GT GAGCGT TAAT CGGAAT TACT GGGOGT AAAGCGT GOGCAGGCGGTAAT GTAAGACAGT TGTGA
AATCCCOGGGCT CAACCT GGGAACT GCAT CTGTGACCGCAT T GCT GGAGT GCGGCAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAA
TGOGT AGAT ATGOGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGCCT GCACT GACGCT CAT GCGOGAAAGOGT GGGGAGCAAACAG
GATTAGATACCCT GGTAGT CCACGCCCT AAACGAT GTCAACT GGT TGT TGGTCCT TCACT GGAT CAGT AACGAAGCT AACGCGT GAAGT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGATGTGGT TTAATTCGA
TGCAACGOGAAAAACCT TACCT ACCCT TGACAT GOCAGGAAT CCT GCAGAGAT GT GEGAGT GCT CGAAAGAGAACCT GGACGCAGGT GC
TGCATGGCCGTCGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCAT TAGT TGCTACGAAAGGGCA
CTCTAAT GAGACT GCOGGT GACAAACCGGAGGAAGGT GBGGAT GACGT CAGGT CATCAT GGOCCT TATGGGT AGGGCTACACACGT CAT
ACAAT AGCCGGGACAGAGGGCT GCCAACCCGCGAGGGGGAGCT AATCCCAGAAA

>QlL_B_27_23Q03.F

GTGGCTCAACCACAGAAT GGOCTTCGATACT GGGACGCT TGAGT AT GGCAGAGGT TGGT GGAACT GCGAGT GTAGAGGT GAAATTCGTA
GATATTCGCAAGAACACCGGT GGCGAAGGCGGECCAACT GRACCAT TACT GACGCT GGEGCGOGAAAGCGT GGGGAGCAAACAGGAT TAG
ATACCCTGGT AGT CCACGCCGT AAACGAT GAAT GCCAGCT GT TGGGGT GCT TGCACCT CAGT AGCGCAGCT AACGCT TTGAGCATTCCG
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CCTGGGGAGTACGGT CGCAAGAT TAAAACT CAAAGGAAT T GACGGGGGOCCGCACAAGCGGT GRAGCAT GTGGT TTAATTCGAAGCAAC
GCGCAGAACCTTACCATCCT TTGACATGGCGT GT TAT GGGGAGAGAT TCCCAGT CCT CTTCGGAGGCOGCGCACACAGGT GCTGCATGEC
TGTCGTCAGCTCGT GT CGTGAGAT GT TGGGCT AAGT CCOGCAACGAGCGCAACCCACGT CCT TAGT TGCCAT CATTCAGT TGGGCACTC
TAGGGAGACT GOCGGT GATAAGCCGCGAGGAAGGT GT GGAT GACGT CAAGT CCT CAT GGCCCT TACGGGAT GGGCTACACACGTGCTAC
AAT GGOGGT GACAGT GGGACGOGAAGGGGOGACCT GGAGCAAAT CCOCAAAAGCCGT CTCAGT TCGGAT TGCACT CTGCAACT CGGGTG
CATGAAGGCGGAATCGCTAGT AATCGT GGAT CAGCAT GCCACGGT GAATACGT TCCCGGGCCTTGCACACACCGOCCGT

>Ql_B_28 31Q04.F

AACCTGGGAACT GCGT TTGT GACT GT GCGACT AGAGT ACGGCAGAGGGAGET GGAAT TCCACGT GTAGCAGT GAAATGCGTAGAGATGT
GGAGGAACACAGAT GGOGAAGGCAGCCT CCT GBGOCAGT ACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT
GGTGGTCCACGCCCT AAACGAT GTCGACT AGTTGT TCGGGGAGGAGACT CCTTGAGT GACGCAGCT AACGCGT GAAGT CGACCGCCTGG
GGAGT ACGGOCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGATGAT GTGGT TTAAT TCGATGCAACGOGAA
AAACCTTACCCACCT TTGACATGT ACGGAAT CCT GCAGAGACGCAGGAGT GCTCGAAAGAGAACCGT AACACAGGT GCTGCATGGCTGT
CGTCAGCTCGTGTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCTTGT CATTAGT TGCTACAT TCAGT TGGGCACTCTAAT
GAGACT GCCGGT GACAAACCGGAGGAAGGT GEGGAT GACGT CAAGT CCTCATGGOCCT TATAGGT GGGGCTACACACGT CATACAATGG
ACGGTACAAAGGGCT GCCAACCCGCGAGGGEGGAGCCAAT CCCAT AAAACCGT TCOGT AGT COGGAT CGCAGT CTGCAACT CGACTGCGTG
AAGT CGGAAT CGCTAGT AAT CGTGGAT CAGCAT GT CACGGT GAATACGT TCCOGGGT CTTGCACACACCGOCCGT

>QL_B 29 39Q05. F

AACT TGGGAACT GCGT TTGGAACT GT TTAGCT AGAGT GOGT CAGAGGGGGGT GGAAT TCOGCGT GTAGCAGT GAAATGCGTAGAGATGC
GGAGGAACACCGAT GGOGAAGGCAGT COCCT GGGAT GACACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT
GGTAGTCCACGCCCTAAACGAT GTCAACT AGCT GTTGGGGGT TAGAATCCT TGGT AGCGCAGCT AACGOGT GAAGT TGACCGCCTGGGG
AGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGEGECCCGCACAAGCGGT GGAT GAT GTGGAT TAAT TCGATGCAACGOGAAGA
ACCTTACCTGCTCTTGACATGCACGGAACT TGOCAGAGAT GGCT TGGT GOCCGAAAGGGAGCCGT AACACAGGT GCTGCATGGCTGTCG
TCAGCTCGT GTCGT GAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACOCT TGT CAT TAGT TGCCAT CATTAAGT TGGGCACTCTAATG
AGACT GCOGGT GACAAACCGGAGGAAGGT GBGGAT GACGT CAAGT CCT CATGGOCCT TATGAGCAGGGCT TCACACGT CATACAAT GGT
CGGTACAGAGGGT TGCCAAACCGOGAGGT GGAGCTAATCT CTTAAAGCCGAT CGTAGT COGGAT TGGAGT TTGCAACT CGACTCCATGA
AGTCGGAATCGCTAGTAATCGCAGGT CAGCATACT GOGGT GAAT ACGT TCCCGGGOCT TGT ACACACCGCOCCGT
>Ql_B_30_47Q06. F

CAGCAGOCGCGGT AATACGT AGGGT GCGAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGCT TTTTAAGCCAGATGTGA
AATCOCCGGGCT TAACT TGGGAACT GCAT TTGGAACT GGAAGGCT AGAGT GCGGECAGAGGGGGGT AGAAT TCCACGT GTAGCAGT GAAA
TGCGTAGAGAT GT GGAGGAATACCGAT GECGAAGGCAGOCCOCT GEGT CGACACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGOCCTAAACGAT GTCAACTAGT TGT TGGAGGAGT GAAATCCT TTAGTAACGAAGCTAACGCGTGAA
GTTGACOGCCT GGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGGACCOGCACAAGCGGT GGATGATGTGGATTAATTC
GATGCAACGOGAAGAACCT TACCTACCCT TGACAT GT CCGGAACT TGOCAGAGAT GGCT TGGT GOCCGAAAGGGAACCGGAACACAGGT
GCTGCATGGCTGTOGT CAGCTCGTGT CGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCT TGTCCTTAGT TGCTACGCAAGAG
CACTCTAAGGAGACT GOOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGCCCTTATGGGTAGGGCT TCACACGTC
ATACAAT GGT CGGTACAGAGGGT T GOCAAGCCGCGAGGT GGAGCCGAT COCACAAAGCCGAT CGTAGTCOGGATTG
>Ql_B_31_55Q@07.F

CAGCAGOCGOGGT AATACGT AGGGT GCGAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGT TTTGTAAGCCAGATGTGA
AATCOCCGGGCT TAACCT GEGAAT GGCAT TTGGGACT GCAAGGCT TGAGT GCGGCAGAGGAGACT GGAAT TCCTGGT GTAGCAGTGAAA
TGCGTAGAT ATCAGGAGGAATACCGAT GGCGAAGGCAGGT CTCT GGGCT GACACT GACGCT CATGCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCCGGTAGT CCACGCCCTAAACGAT GTCGACT GGT T GT TGGGGGT TTGACACT CTCAGTAACGAAGCTAACGCGTGAAG
TCGACCGOCT GEGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT T GACGGGGACCCGCACAAGOGGT GGAT TATGTGGATTAATTCG
ATGCAACGOGAAAAACCT TACCTACCCT TGACAT GTCCT GAAGCCCGGT GAGAGCT GBGT GT GOCCGAAAGGGGACGEGAACACAGGTG
CTGCATGGCTGT CGTCAGCT CGT GTCGTGAGAT GTTGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCATTAGT TGCTACATTCAGTT
GGGCACTCTAAT GAGACT GCOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCAT GGCCCT TATGGGT AGGGCTTCACAC
GTAATACAATGGCGOGT ACAGAGGGT TGCCAAGGGGT GACCT GGAGCCAATCCCGCAAAGCGOGTC

>Ql_B_32_63Q08. F

GCGT TTGGAACT GAGCATCTAGAGT CTGT CAGAGGGGGAT GGAAT TCCACGT GTAGCAGT GAAAT GCGTAGAGAT GT GGAGGAACACCG
ATGGOGAAGGCAGT COCCT GGGAT AAGACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGC
CCTAAACGATGT CGACT GGGT GT TGGGGT AGCAATACCT CAGT GACGCAGCT AACGCGT GAAGT AGACCGCCT GGGGAGTACGGTCGCA
AGATTAAAACT CAAAGGAAT T GACGGGGGOCCGCACAAGOGGT GGAT TAT GT GGAT TAAT TCGAT GCAACGCGAAAAACCT TACCTGGC
CTTGACATGCCACTAACGAAGCAGAGAT GCAT TAGGT GCCOGAAAGGGAAAGT GGACACAGGT GCTGCAT GGCT GTCGT CAGCTCGTGT
CGTGAGATGTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TGCCGATAGT TGCTACAT TCAGT TGAGCACT CTATTGGGACT GCCGGTG
ACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCCT TAT GGCCAGGGCT TCACACGT AAT ACAAT GGT CGGTACAGAGGG
TCGOCAACCCGOGAGGGEGAGCT AAT CTCAGAAAGCCGAT CGTAGT CCGGAT TGCAGT CTGCAACT CGACT GCAT GAAGT CGGAATCGC
TAGTAATCGCGGATCAGCAT GOCGOGGT GAATACGT TCOCGGGECCT TGCACACACCGCCOGT

>Ql_B_33_71G09. F

ATCACGCGT TGGGAGCT CTCCCAT AT GGT CGACCT GCAGGCGGCCGOGAAT TCACT AGT GAT TCAGGAT TAGATACCCT GGTAGTCCAC
GCOCTAAACGAT GTCAACT GGT TGTTGGT CCTTCACT GGAT CAGT AGCGAAGCT AACGOGT GAAGT TGACCGCCT GGGGAGTACGGCCG
CAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACAAGOGGT GGATGAT GTGGT TTAAT TCGAT GCAACGCGAAAAACCTTACCTA
CCCTTGACATGCCTGGAAT CCT GCAGAGAT GT GGGAGT GCCCGAAAGGGAGCCGGGACACAGGT GCTGCATGECTGT CGTCAGCTCGTG
TCGTGAGATGT TGGGT TAAGT TCCGCAACGAGCGCAACCCT TGCCACT AGT TGCT ACGAAAGGGCACT CTAAT GGGACT GOCGGTGACA
AACCGGAGGAAGGT GBGGAT GACGT CAAGT CCTCATGGCCCT TAT GGGT AGGGCT ACACACGT CATACAAT GGCTGGTACAGAGCGT TG
CCAACCOGCGAGGGGGAGCT AAT COCATAAAACCAGT CGT AGT COGGAT CGTAGT CT GCAACT CGACT GOGT GAAGT CGGAATCGCTAG
TAATCGCGGATCAGCAT GTCGOGGT GAATACGT TCCCGGGT CTTGTACACACCGCCOOGT

>QlL_B_34_79Gl0. F

GCGTCAGAGGGGGGT AGAAT TCCACGT GT AGCAGT GAAAT GOGT AGAGAT GT GGAGGAAT ACCGAT GGOGAAGGCAGCCCCCTGGGATG
ACACTGACGCT CAT GCACGAAAGCGT GGGGAGCAAACAGGAT TAGACACCCT GGT AGT CCACGOCCT AAACGATGTCAATTAGCTGTTG
GGGGTTTGAATCCTTGGTAGOGT AGCT AACGOGT GAAAT TGACCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACG
GGGACCOGCACAAGCGGT GGAT GATGT GGAT TAAT T CGAT GCAACGCGAAAAACCT TACCT GCT CTTGACATGT COGGAACCT CGCAGA
GACGCGAGGGT GCOCGAAAGGGAGCCGRAACACAGGT GCT GCAT GGCT GT CGT CAGCT CGT GTCGT GAGAT GT TGGGT TAAGT COCGCA
ACGAGCGCAACCCCTGT GTCCTGT TGCCACCCGGECOGAGAGGCT GGAGCACT CTGGACAGACT GCCTCGCT TAAACGAGGAGGAAGGTG
GGGATGACGT CAAGT CAGT ATGGOCCT TACGGECCAGGGECT GCACACGT ACT ACAAT GOCCGGT ACAAAGGGAAGCTAGACCGTCAGGTG
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GAGCAAAT COCCCAAAACCGGGCCCAGT TCAGAT TGTCGT CTGCAACT CGACGGCAT GAAGCT GGAAT OGCTAGTAATGGCGCATCAGC
TACGGCGOCGT GAATACGT TCCCAGGCCTTGCACACACCGCCCGT

>Ql_B_35 87Gl1.F

TGTGGATTAATTCGAT GCAACGCGAAGAACCT TACCT GCTCTTGACAT GTACGGAACT TGCCAGAGAT GGCT TGGT GCCOGAAAGGGAG
CCGTAACACAGGT GCT GCATGGCTGT CGT CAGCT CGT GTCGT GAGAT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TGTCATTAGT
TGCCATCATTAAGT TGGGCACTCTAAT GAGACT GOOGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCCTTATG
AGCAGGGCTTCACACGT CATACAAT GGT CGGTACAGAGGGT TGOCAAACCGCGAGGT GGAGCTAACCTCT TAAAGCCGATCGTAGT CCG
GATTGGAGT CTGCAACT CGACT CCAT GAAGT CGGAAT CGCTAGT AAT CGCAGGT CAGCAT ACT GCGGT GAATACGT TCCCGGGRCCT TGT
ACACACCGOCCGT

>Ql_B_36_95Gl2. F

CAAGATAAAACT CAAAGGAAT TGACGGGEGEGECCCGCACAAGCGGT GGAGCAT GTGGT TCAAT TCGAAGCAACGOGCAGAACCT TACCAGC
CCTTGACATGTCCOGTATAGAT TCCAGAGACGGAAT CCTTCAGT TCGGCT GGCGEGAACACAGGT GCTGCAT GGCTGTCGT CAGCTCGT
GTCGTGAGATGT TGGGT TAAGT COCGCAACGAGCGCAACCCT CGOCCT TAGT TGOCATCAT TTAGT TGGGCACT CTAAGGGGACT GOCG
GTGAT AAGCCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGOCCT TACGGGCT GGGCT ACACACGT GCTACAAT GGOGGT GACAGA
GGGATGCAAAAGGGCAACCT TTCGCAAAT CTCAAAAAGCCGT TTCAGT TCGGAT TGGGGT CTGCAACT CGACCCCATGAAGT TGGAATC
GCTAGTAATCGCAGAT CAGCACGCTGOGGT GAATACGT TCCOGGGRCCT TGCACACACCGCCOGT

>Ql_B_37_08HOL.F

CAGCAGOCGOGGT AATACGT AGGGT GOGAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGECT AT GTAAGACAGGT GTGA
AATCOCCGAGCTTAACT TGGGAAT TGCAT TTGT GACT GCAT GGCT AGAGT GT GT CAGAGGGAGGT GGAAT TCCACGT GTAGCAGTGAAA
TGCGTAGATATGT GGAGGAACACCAAT GGCGAAGGCAGOCT CCT GGGATAACACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGATGTCAACTAGT TGT TGGGT CAATACT GACT TGGTAACGTAGCT AACGCOGT GAAGT
TGACCGCCT GBGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GTGGAT TAATTCGA
TGCAACGOGAAAAACCT TACCT ACCCT TGACAT GGCAGGAACT TTCCAGAGAT GGAT TGGT GCTCGAAAGAGAACCT GCACACAGGT GC
TGCATGGCTGTCGT CAGCTCGT GTCGT GAGAT GT TGGGT TAAGT COCGCAACGAGCGCAACCCTTGTCATTAGT TGCTACGAAAGGGCA
CTCTAATGAGACT GCCGGT GACAAACCGGAGGAGT GGGGAT GACGT CAGT CCT CATGGOCCT TATGGGTAGGCT TCACACGT CATACAA
TGGTCGGTACAGAGGGTTGCCAAG

>QlL_B_39_24H03.F

CAGCAGOCGOGGT AAT ACGAGGGGT GCAAGOGT TATTCGGAAT TAT TGGGOGT AAAGGGT GTGTAGGT GGCATGTTAAGTCTGT TGTTT
AATCTCCOGGCCTAACT GGGAAAT CGCAAT GGAAACT GGCAAGCT AGAGGGT GAGAGAGAGAAGT GGAAT TCTCGGAGT AGCGGTAAAA
TGCGCAGAT ATCGAGAGGAACACCGAT GGCGAAGGCAGCT TCTTGGCT CACT TCTGACACT GAAACACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGOCGT AAACGAT GGATGCTAGCCGT TGGAAAGCT TGCT TTTCAGT GGCGCAGCTAACGCTTTAAGC
ATCCOGCCTGGGGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGGGECCOGCACAAGCGGT GGAGCAT GTGGT TTAACTCGA
AGCAACGCGCAGAACCT TACCAGCT TTTGACATGCOCT GGACGGATAGCAGAGAT GCTTTCCTCT CT TCGGAGOCGRGEGACACAGGTGC
TGCATGGCT GTCGT CAGCT CGTGTOGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCT CGOCCTTAGT TGOCATCATTCAGT T
GGGCACTCTAGGGGEGACT GOOGGT GATAAGCCGCGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGCCOCT TACAAGCT GGGCTACACA
CGTGCTACAATGGOGGT GACAAT GEGAAGCGAACGGGT GACCCGGAGCAGATCTCCAAAAGCCGTC

>Ql_B_40_32H04. F

CAGCAGOCGOGGT AATACGT AGGGT GCAAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGT TGT GCAAGT CTGATGTGA
AAGCOCCGGGCT CAACCT GEGAACGGCAT TGGAGACT GCACGGCT AGAGT GCGT CAGAGGGGGGT AGAAT TCCACGT GTAGCAGT GAAA
TGCGTAGAGATGT GGAGGAATACCGAT GECGAAGGCAGOCCOCT GRGAT GACACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGATGTCAAT TAGCT GTTGGGGGT TTGAATCCT TGGTAGCGTAGCT AACGCGT GAAAT
TGACCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGGGGACCCGCACAAGCGGT GGAT GAT GT GGAT TAATTCGA
TGCAACGOGAAAAACCT TACCTGCTCT TGACAT GTCCGGAACCT CGCAGAGACGT GAGGGT GOCCGAAAGGGAGCCGGAACACAGGTGC
TGCATGGCTGTCGT CAGCTCGTGTOGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAACCCTTGTCATTAGT TGOCATCATTTGGT T
GGGCACTCTAAT GAGACT GCOGGT GACAAACCGGAGGAAGT GBGGAT GACGT CAAGT CCTCATGGOCCT TATGAGCAGGCT TCACACGT
CATACATGGTCGGTACAGAGGGT CGCCAAGCCGCGAGGT GAGCCAAT CTCATAAAACCGATCGTAGTCG

>Ql_B_41_40H05. F

CAGCAGOCGOGGT AATACGT AGGGT GCGAGOGT TAAT CGGAAT TACT GBGCGT AAAGCGT GOGCAGGCGGT TTAGTAAGACAGGCGTGA
AATCOCCGGGCT CAACCT GEGAACT GOGCT T GTGACT GCTAAGCT AGAGT ACGGCAGAGGEGGGT GGAAT TCCACGT GTAGCAGT GAAA
TGCGTAGAGAT GT GGAGGAACACCGAT GECGAAGGCAGOCCOCT GGGRCOGATACT GACGCT CATGCACGAAAGCGT GGGTAGCAAACAG
GATTAGATACCCTGGTAGT CCACGCCCTAAACGAT GTCAACTAGGT GTTGGGT GGGT AAAACCAT TTAGTGCOGCAGCTAACGCATTAA
GTGOCCOGCCT GGGGAGT ACGECOGCAAGGCT AAAACT CAAAGGAAT TGACGGGGEGECCCGCACAAGCGGT GGAGCATGTGGTTTAATTC
GACGCAACGOGAAGAACCT TACCT GGGCT TGACAT CCOGGGAAT CCCCT GGAAACAGGGGAGT GCCT COGAAAGGGGEGAGCCOGGAGAC
AGGTGCTGCATGGCTGT CGTCAGCT CGT GTCGT GAGAT GT T GGGT TAAGT CCOGCAACGAGCGCAACCCCTGT CCTTAGT TGCCAGCAT
TCAGTTGGGCACT CTAAGGAGACT GOCGGT GT TAAACCGGAGGAAGGT GEGGAT GACGT CAGT CCTCATGGCT TTATGCCCAGGCTACA
CACGT GCTACAAT GGCCGGT ACAAAGGGCT GCAAT CCOGCGAGGEGEGAGCGAAT CCCAAAAAGCCGGTC

>QlL_B_42_48H06. F

CTCAACTCGGAGT CTGCAGGAGAAACT GCCGT GCTTGAGT AT GGGAGAGAT GAGT GGAAT TCCT GGT GTAGCGGT GAAATGCGTAGATA
TCAGGAGGAACACT GT GGOGAAAGCOGGCT CACT GGACCAT TACT GACGCT GAGGCGCGAAAGCT AGGGGAGCAAACAGGAT TAGATACC
CTGGTAGTCCTAGOCCTAAACGAT GATTGCT TGGTGT GECAGGT ACCCAAT CCT GCT GTGCOGCAGCT AACGCGT TAAGCAATCCGCCT
GGGGAGTACGGT CGCAAGGCT GAAACT CAAAGGAAT TGACGGGGECCCGCACAAGCGGT GGAGCAT GT GGTTCAAT TCGACGCAACGTGA
AGAACCTTACCT GGGCT CGAAGCGCAGT GGACCGGGEGT GGAAACAT CCCT TTCOGCAAGGACT GCT GOGTAGGT GCTGTATGGCTGTCG
TCAGCTCGT GTCGT GAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCT TAT TGCCAGT TGCCACCAT TCAGT TGGGCACT CTGGOG
AAACT GCOOCGGAT AACGGGGAGGAAGGT GBGGAT GACGT CAAGT CCT CATGGOCT TTATGT CCAGGGCTACACACGT GCTACAATGGC
CGGTACAAACCGT CGCAAACCCGOGAGGGEGAGCTAAT CGGAAAAAGCCGGCCT TAGT TCGGAT TGGAGT CTGCAACT CGACTCCATGA
AGCTGGAATCGCTAGT AATCGCGGAT CAGAACGCT GCGGT GAATACGT TCCCGGECCT TGT ACACACCGCCCGT

>Ql_B_44_64H08. F

CGCTTGTGACT GCAAGGCT GGAGT GCGECAGAGGGGGAT GGAAT TCCGOGT GTAGCAGT GAAAT GOGT AGATAT GOGGAGGAACACCGA
TGGOGAAGGCAAT COCCT GGGCT GCACT GACGCT CAT GCACGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGOCC
TAAACGATGTCAACTGGTTGT TGGGTCTTAACT GACT CAGT AACGAAGCT AACGCGT GAAGT TGACCGCCT GGGEGAGT ACGGCCGCAAG
GTTGAAACT CAAAGGAAT T GACGGGEGACCCGCACAAGOGGT GGAT GATGT GGT T TAAT TCGAT GCAACGOGAAAAACCT TACCCACCT T
TGACATGTACGGAACT TGCCAGAGAT GGCT TGGT GCT CGAAAGAGAGCOGT AACACAGGT GCT GCAT GGCT GTCGT CAGCT CGTGTCGT
GAGATGTTGGGT TAAGT CCCGCAACGAGCGCAACCCT TGCCAT TAGT TGCT ACGAAAGGGCACT CTAAT GGGACT GOCGGT GACAAACC
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GGAGGAAGGT GEGGAT GACGT CAAGT CCT CATGGOCCT TATAGGT GGGGECT ACACACGT CATACAAT GGCCGGT ACAAAGGGCAGCCAA
CCOGCGAGGRGEGAGCCAAT COCATAAAGCCGGT CGT AGT COGGAT CGCAGT CTGCAACCCGACT GOGT GAAGT CGGAATCGCTAGTAAT
CGTGGATCAGCATGTCACGGT GAATACGT TCCCGGGT CTTGTACACACCGCCOCGT

>Ql_B_45_72H09. F

CATGCACGAAAGCGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CCACGCCCTAAACGAT GTCAACTAGT TGTCGGGTCTTAATTG
ACTTGGT AACGCAGCTAACGCGT GAAGT TGACCGCCT GGEGAGT ACGGT CGCAAGAT TAAAACT CAAAGGAAT TGACGGGGACCCGCAC
AAGCGGT GGAT GAT GTGGATTAAT TCGAT GCAACGCGAAAAACCT TACCT ACCCT TGACAT GTACGGAACCCT GCT GAGAGGT GGGGGT
ACTCGAAAGAGAGCCGT AACACAGGT GCTGCAT GGCT GTCGT CAGCT CGT GT OGT GAGAT GT TGGGT TAAGT COCGCAACGAGOGCAAC
CCTTGTCATTAGT TGCTACGAAAGGGCACT CTAAT GAGACT GCCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGG
CCTTTATGACCAGGGCTACACACGT GCTACAAT GGCCGGT ACAAAGGGT CGCCAAGT CGOGAGACGGAGCT AATCCCATAAAACCGGTC
TCAGTTCGGATTGGAGT CTGCAACT CGACT CCAT GAAGT CGGAAT CGCTAGT AATCGCGGAT CAGCACGCCGOGGT GAATACGT TCCCG
GGCCTTGTACACACCGCCCGT

>Ql_B_47_88H11.F

GATGGAATTCOGCGT GTAGCAGT GAAAT GCGT AGAT AT GCGGAGGAACACCGAT GGCGAAGGCAAT CCOCT GGGECCTGTACT GACGCTC
ATGCACGAAAGOGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CCACGCCCT AAACGAT GTCAACT GGTTGT TGGACGGCTTGCTG
TTCAGTAACGAAGCTAACGCGT GAAGT TGACCGCCT GGGGAGT ACGGECOGCAAGGT TGAAACT CAAAGGAAT TGACGGGGACCCGCACA
AGCGGTGGAT GATGTGGT TTAATTCGAT GCAACGCGAAAAACCT TACCTACCCT T GGCAT GCCAGGAAT CTTGCAGAGATGTGAGAGTG
CTCGAAAGAGAACCT GGACACAGGT GCT GCAT GGOCGT CGT CAGCT CGT GT CGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACC
CTTGTCATTAGT TGCTACGAAAGGGCACT CTAAT GAGACT GOCGGT GACAAACCGGAGGAAGGT GGGGAT GACGT CAAGT CCTCATGGC
CCTTATGGGTAGGGCT TCACACGT CATACAAT GGTACAT ACAGAGGGCT GCCAACCCGOGAGGGGGAGCT AATCCCAGAAAGOGCGTCG
TAGTCCGGAT TGCAGT CTGCAACT CGACT GCAT GAAGT CGGAAT CGCTAGT AAT CGCGGAT CAGCAT GTCGOGGT GAATACGT TCCOGG
GTCTTGCACACACCGCCOGT

>QlL_B_48_96H12. F

AGCGGGT GAAATGCT TAGATATGACAT AGAACACCAGT TGCGAAGGCAGCT TGCT ACACAACGAT TGACACT GAGGCACGAAAGCGT GG
GATCAAACAGGAT TAGATACCCT GGTAGT CCACGOCCTAAACGAT GGATACT CGACAT CAGOGATACACAGT TGGTGTCTGAGCGAAAG
CATTAAGTATCCCACCT GGGAAGTACGACCGCAAGGT TGAAACT CAAAGGAAT TGGECGGGGGET COGCACAAGCGGT GGAGCATGTGETT
TAATTCGATGATACGCGAGGAACCT TACCT GGGCTAGAAT GCTGGGAGACCGT CCCT GAAAGGGGAT TTTGTAGCAAT ACACT GCCAGT
AAGGTGCTGCATGGCT GTCGT CAGCT CGT GCCGT GAGGT GT TGGGT TAAGT CCOGCAACGAGCGCAACCCCTATCAT TAGT TGCCAACA
GGTTAAGCT GGGAACT CTAAT GAAACT GCCGT CGCAAGACGT GAGGAAGGAGGGGAT GAT GT CAAGT CATCATGGOCT TTATGCCCAGG
GCTACACACGTGCTACAAT GGGGOGT ACAAAGGGCT GCAACGT AGCGAT ATGAAGCCAAT COCAAAAAACGCCT CTCAGT TCAGATTGG
AGTCTGCAACT CGACT CCATGAAGCT GGAAT CGCTAGT AAT CGTATAT CAGCAAT GATACGGT GAATACGT TCCOGGACCTTGCACACA
CCGOCCGT
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