The University of Southern Mississippi

The Aquila Digital Community

Master's Theses

Spring 5-2010

A Parameterization Study of Short Read Assembly Using the
Velvet Assembler

Alex Christopher Elliot
University of Southern Mississippi

Follow this and additional works at: https://aquila.usm.edu/masters_theses

Recommended Citation

Elliot, Alex Christopher, "A Parameterization Study of Short Read Assembly Using the Velvet Assembler”
(2010). Master's Theses. 474.

https://aquila.usm.edu/masters_theses/474

This Masters Thesis is brought to you for free and open access by The Aquila Digital Community. It has been
accepted for inclusion in Master's Theses by an authorized administrator of The Aquila Digital Community. For
more information, please contact Joshua.Cromwell@usm.edu.


https://aquila.usm.edu/
https://aquila.usm.edu/masters_theses
https://aquila.usm.edu/masters_theses?utm_source=aquila.usm.edu%2Fmasters_theses%2F474&utm_medium=PDF&utm_campaign=PDFCoverPages
https://aquila.usm.edu/masters_theses/474?utm_source=aquila.usm.edu%2Fmasters_theses%2F474&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:Joshua.Cromwell@usm.edu

The University of Southern Mississippi

A PARAMETERIZATION STUDY OF SHORT READ ASSEMBLY

USING THE VELVET ASSEMBLER

by

Alex Christopher Elliot

A Thesis
Submitted to the Graduate School
of The University of Southern Mississippi
in Partial Fulfillment of the Requirements
for the Degree of Master of Science

Approved:

May 2010




ABSTRACT
A PARAMETERIZATION STUDY OF SHORT READ ASSEMBLY
USING THE VELVET ASSEMBLER
by Alex Christopher Elliot
May 2010

In this study, we examine approaches to the problem of assembling large,
contiguous sections of genetic code from short reads generated from laboratory
techniques. We explore the Eulerian Path approach in detail, utilizing a de Bruijn

Graph, and demonstrate current software technologies and algorithms using a

sample genome. We investigate the input parameters of Velvet and discuss

choice implications in the context of the E. coli putA/b1014 gene.
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CHAPTER
BACKGROUND INFORMATION

In order to fully understand the challenges and scope of read assembly,
we must first discuss the biological and chemical background to the problem. All
known living organisms and some viruses encode genetic information in the form
of Deoxyribonucleic Acid (DNA) (Darnell, Lodish and Baltimore 66-74). DNA is a
double helix shaped polymer consisting of two long, spiraling chains of
alternating sugars and phosphate groups bonded to a series of nucleotides.
These nucleotides, or bases, can be one of either adenine (A) thymine (T)
guanine (G) or cytosine (C). Each nucleotide forms a bond with exactly one
other base, known as its compliment, and the order of these bases houses the
genetic information.

Through the processes of transcription and translation, an organism uses
its genetic blueprint to first create ribonucleic acid (RNA). RNA is similar to DNA
except that it contains uracil (U) in the place of thymine (T). Once a segment of
DNA is translated to RNA, ordered amino acid chains are generated based on
the RNA's nucleotide sequence. These amino acids are then assembled into
proteins, which can range in size from tens to tens of thousands of amino acids
each.

Each amino acid is encoded by three bases, and there are twenty possible

amino acids in use by known organisms (Darnell, Lodish and Baltimore 88).

Some areas of DNA also contain information to control gene regulation and

expression as well as sections of “filler” data known as introns. With four




possible bases, there are 4°, or 64 base combinations. Some amino acids have

multiple coding triplets, and the information can be encoded in the forward or
reverse direction. Furthermore, varying the start base can shift the read frame
and thus the resulting codons, amino acids and proteins.

Eukaryotic cells such as those found in mammals and plants, encapsulate
their DNA within a cell nucleus, often in chromosomes or tightly wound structures
of DNA. Prokaryotic cells such as bacteria and archea without a true, membrane
bound nucleus, store their genetic material in cytosol or intracellular fluid. The
genetic material found in prokaryotes is normally arranged into smaller circular
chromosomes. The collection of all genetic material contained in an organism is
known as that organism's genome.

Since the discovery of the DNA double helix in 1953 (Watson and Crick, A
Structure for Deoxyribose Nucleic Acid), science has sought to fully understand
the information contained within it (Watson and Crick, Genetical Implications of
the structure of Deoxyribonucleic Acid). In a macro view, understanding an
organism's genome can help reveal its phylogeny and origins, while the micro
view can uncover information about disease susceptibility and cure. Small
sections of an individual organism's genetic fingerprint that indicate the presence
or absence of a particular trait are called genetic biomarkers. These biomarkers
can be used to, for example, determine relation between organisms, gauge
exposure to a particular genetic toxicant, predict inherited disease, or determine
an optimal treatment approach.

In order to understand genetic information, one must find a way to read




the information contained within DNA or RNA. Genetic sequencing techniques

were first developed in the early 1970's (Gilbert and Maxam). These complex
methods, including the wandering-spot technique were very labor intensive.
Fredrick Sanger (Sanger, Nicklen and Coulson) and Gilbert (Maxam and Gilbert)
independently published research in 1977 that greatly simplified the sequencing

process. Both were awarded the Nobel Prize in 1980 for their work.
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Figure 1: Sanger method overview. The Sanger method uses ddNTPs to
terminate cloned genetic source material at each base location. The resultant
strands are then separated by length via Gel Electrophoresis or Fluorescent
Absorption and recorded. The Sanger method usually results in few, long
(~1kbp) reads (Applied Biosystems).




The Sanger method (Fig. 1) is a chain terminating technique that uses of

dideoxynucleotide triphosphates (ddNTPs) to selectively terminate long strands

of genetic material (Tamarin 334-6). In this method, single stranded, denatured

DNA source material is cloned and separated into four separate solutions
containing one of ddATP, ddTTP, ddCTP, or ddGTP each. The
dideoxynucleotides terminate the multiple copies of the DNA strand at each
location of the target base, resulting in strands that begin at the origin and have
length of the base location index. The output of the four dideoxynucleotide
solutions is then separated by gel electrophoresis or fluorescent absorption if
dyes were used. The result is an index location of each base in the source DNA
to a one-base resolution. Sanger sequencing generates long reads of about one
thousand bases, but requires weeks to months of costly laboratory time (Ewing,
et al.). This technique is susceptible to cloning error (Ewing and Green), as parts
of the cloning vector may enter the resulting sequence.

An alternative to Sanger sequencing, pyrosequencing was developed by
Nyrén and Ronaghi at the Royal Institute of Technology in Stockholm in 1998
(Ronaghi, Uhlén and Nyrén). This method (Fig. 2) involves iterative addition of
bases in an enzymatic solution of Sulfurylase, Luciferase and Apryase. As each
base bonds to the source material, a measurable amount of light is released per
base. Repeat bases yield proportionately more light. After each base is
introduced and bound, an enzyme is added to remove all unused bases before

the next base is added.
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Figure 2: Pyrosequencing overview. Pyrosequencing introduces bases to source
material iteratively. If a base binds to the source material, a measurable unit of
light (photon) is released. The intensity of this light is quantifiable and relates to
number of sequential bases encountered. Pyrosequencing quickly (~25Mbp/4hr)
generates many; short (100-400bp) reads (Marguiles, Egholm and Altman).

Pyrosequencing results in short length reads with an upper limit of
approximately 500 bases; however commercial implementations are constantly
increasing the maximum read length. Pyrosequencing is also less expensive to
perform than traditional techniques, with companies such as 454 Life Sciences

Producing all-in-one units (Roche Diagnostics Co.). This technique can produce




approximately 25Mbp/4hr (Marguiles, Egholm and Altman). As this technique

does not require traditional cloning, it is not susceptible to vector cloning error. It
is, however, potentially less accurate in homopolar regions with a long series of
repeating bases. Pyrosequencing techniques normally result in many copies of
overlapping short reads.

After the laboratory work is complete, the reads must then be assembled
into a representation of the source sequence. Although various solutions exist
for this problem, all require some amount of a priori assumption and reliance on
yet to be fully verified metrics. The challenge, algorithmically, is to determine
how each of the reads fits into the larger sequence. Information to support the
selection amongst candidate solutions can come from existing, reference
genomes, statistical models, or sheer read coverage. Once sequenced, data can
be added to large, publically accessible genome databases such as NCBI (NCBI
[National Center for Biotechnology Information]) or GenomeNet (Kyoto University
Bioinformatics Center).

The NCBI Basic Local Alignment Search Tool (BLAST) can be used to
find regions of local similarity between sequences. The program (Altschul,
Madden and Schaffer) compares nucleotide or protein sequences to sequence
databases and calculates the statistical significance of matches. BLAST can be
used to infer functional and evolutionary relationships between sequences as

well as help identify members of gene families.




CHAPTERII
THE EULERIAN APPROACH

In this section, we describe the application of the Eulerian path to short
read assembly and its differences as compared to earlier methods. We will
discuss one available implementation — Velvet, and provide insight into its
algorithm.

Older approaches to the problem of read assembly were designed around
the assembly of few, long reads. Many available programs utilized the “overlap-
layout-consensus” paradigm which tests each possible read pair combination to
determine the best matches. Each read is represented as a node, and each
detected overlap is drawn as an arc between the overlapping nodes. Once
matches are scored, the assembly is generated based on overlap scoring.
Unfortunately, determining the layout leads to the NP-complete Hamiltonian Path
Problem (Cormen, Leiserson and Rivest). The difficulty of the Hamiltonian Path
Problem is exacerbated when attempting to operate on an increased number of
reads.

Pevzner proposed an alternative solution to the read assembly problem
for sequencing by hybridization (P. A. Pevzner). By making use of the de Bruijn
Graph, he reduced read assembly to a solvable Eulerian Path Problem. Further
work by Idury and Waterman (Idury and Waterman) applied the Eulerian path to

short fragment assembly by treating short fragment assembly as a Sequencing

by Hybridization problem. Pevzner, Tang and Waterman refined their Eulerian

graph techniques in 2001 to include methods of error correction and repeat




handling in data (Pevzner, Tang and Waterman).

An n-dimensional de Bruin graph contains vertices representing all

sequence permutations of length n over a given alphabet with repeats (de

Bruijn). For gene sequencing, our alphabet consists of a relatively few symbols -
A,T/U, G, C. Nodes are adjacent whenever they represent a one character shift
left with any of the alphabet symbols shifted into the last location. Such a graph
covers all possibilities. In read assembly algorithms, the de Bruin graph is built
from the bottom up, adding vertices only when that permutation is found within
the genetic information itself. This restricts the size of the graph, and also allows
it to represent all possible overlap combinations for the underlying data.

Zerbino and Birney released a set of algorithms called “Velvet” (Zerbino
and Birney) to manipulate de Bruijn graphs for genomic sequence assembly. In
their implementation of the graph (Fig. 3), a k-mer is defined as a substring of
length k, extracted from a read. Each node contains a series of overlapping k-
mers, with each overlap having length k-1 bases. Each node is attached to
another, “mirror” node which contains the reverse series of k-mers. These mirror
nodes take into account the complementary nature of genetic material. Nodes
whose last k-mer overlaps with the first k-mer of another node are connected by
a directed arc. The assembled contiguous sequence or “contig” is represented
by a traversal from the first k-mer of the first node through connected arcs to

each other node.
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Figure 3: Steps in the Eulerian Approach. 1. Hash source sequence into k-mers
of length k. 2. Group k-mers with overlap length of k-1 into nodes. 3. Nodes
contain complimentary/mirror sequences. 4. Directed edges/arcs are formed to
connect adjacent nodes where k-1 overlap is found. 5. Graph is simplified by
condensing adjacent, single pathway nodes. “Tips” and “Bulges” are removed.
6. Error Correction. 7. Contig output sequence is path through series of
connected nodes.

Once the input reads have been hashed into k-mers and assembled into
nodes and arcs, the resulting graph must be simplified and cleared of errors.
Velvet simplifies the graph by combining adjacent nodes with only one incoming

and outgoing arc. This reduces the node count to only nodes with multiple arcs.

Error correction is performed by eliminating “tips” and “bulges.” A “tip” is defined

as a chain of nodes connected at only one end, and Velvet removes tips that do
not meet minimum length and coverage requirements. A “bulge” is a redundant

Path that starts and ends at the same nodes as other paths with similar




sequences. Velvet again employs a length threshold and simple sequence

identity to condense or merge a bubble. Velvet is thus composed of four stages:
hashing the reads into k-mers, constructing the de Bruijn graph, correcting errors,
and resolving repeats. The first stage, graph construction, is memory intensive.
The time complexity of error correction depends mainly on number of nodes in
the graph, which is a result of read coverage, error rate, and number of repeats
in the source material. The graph search used during error detection and
correction employs the Dijkstra algorithm which has a time complexity of
O(NlogN) when implemented with a Fibonacci heap (Gross and Yellen). Repeat
resolution also depends on the number of nodes present in the graph and the

average length of those nodes.




CHAPTER III

METHODS
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Figure 4: Assembly Programmatic Flow. Metasim generated simulated reads
from source gene. These simulated read sets were hashed using velveth with
varying k-mer lengths then assembled into de Bruijn graphs using velvetg.

To illustrate the operation of Velvet in conjunction with a series of other
utilities (Fig.4), we chose a specific, active coding gene of Escherichia coli str. K-
12 substr. MG1655 (Fig. 5). This gene, NP_415534, codes for the enzyme
proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase which functions
as a fused DNA-binding transcriptional regulator (Kyoto University Bioinformatics
Center). The E. coli genome has been extensively studied and fully sequenced
(Blattner, Plunkett and Bloch) allowing for comparison of our assembly results

With established sequence data. The NP_415534 gene sequence was obtained




from GenomeNet (Kyoto University Bioinformatics Center) in its full form as an

ASCII formatted fasta file (NCBI [Fasta]) (Appendix A). This reference gene

contains a total of 3963 ordered nucleotides.

Chronosone Circular

gecgegacacgtatcgatcgeacaccacaciggttaattaagcaggcgattittcttat...

Figure 5: Gene NP_415534 Physical Map. Gene NP_415534, putA was
selected from the circular E. Coli chromosome to illustrate the assembly
algorithms. This figure shows its physical location with reference to neighboring
genes. (Kyoto University Bioinformatics Center)

From the reference file, we used the read simulation function of MetaSim
(Richter, et al.) to output two sets of simulated reads (Fig.4). The first set
reépresents an “exact” or reference set (Appendix E) in which, 5000 reads were
taken directly from the source gene without introduced error. The output reads

have a normal distribution across the source gene and an average read length of




997.87 base pairs (Appendix E).

To illustrate real world data, we also generated a set of reads modeling
the read output of the LifeSciences 454 sequencer (Roche Diagnostics Co.).
These 5000 simulated reads contained 29890 insertions and 7321 deletions.

Each insertion is the addition of an extra base not present in the original material.

Each deletion is the removal of one base from the original material. Locations of

these induced errors are based on characteristics of pyrosequencing such
difficulties accurately reading homopolar regions. Average Read Length was
258.21 base pairs (Appendix F).

Each of the simulated read sets were run through the Velvet Assembler
(Fig.4) using varying values of k-mer length (k), expected coverage (exp_cov)

and coverage cutoff (cv_cut).




Table 1: Assembly Parameter Permutations.
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This table shows the parameter permutations used and their results for the
simulated 454 reads. “kmer” is the selection of k or kmer length. “cvCut” is
coverage cutoff, a threshold used to determine if a node in the constructed de
Bruijn graph should be included as part of the final assembly. “exp,” expected
coverage, is the expected frequency of repeats of each source base. “ctgs”is
the number of contigs. “asmlLg,” “mean,” and “max” refer to the total length,
mean, and maximum length of all assembled contigs respectively. “N50” refers
to the length of the shortest contig in an assembly such that the sum of contigs of
equal length or longer is at least 50% of the total length of all contigs. “1k” is the
number of contigs over 1000 bases long. ‘tiles” is the number of reads that are
used in an assembly. “rdPc” is percentage of input reads used in the assembly.

Automation of parameter variation (Table 1) and report generation (Fig. 6-

9) was assisted by the standardized velvet assembly report script project

(leipzig). Expected coverage is the expected frequency of repeats of each source
base. This is a function of the source material and the depth at which the

sequencing was performed. Coverage cutoff is the value used to determine if a




node in the constructed de Bruijn graph should be removed from the final
assembly. Lower frequency nodes with coverage below the coverage cutoff

value are suspected to be erroneous and are subsequently removed during

graph error correction, especially during tip and bulge removal. This threshold

specifies how many read k-mers must overlap for each contig k-mer. The number

of k-mers per read is a function of read length L and k-mer length K (L-K+1)

(leipzig).
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Figure 6: Assembly Parameters (kmer/cvCut) vs. Indicators (Igth/N50). This
scatter plot illustrates the effect of kmer length and coverage cutoff on N50 and
assembly length. N50 refers to the length of the shortest contig in an assembly
such that the sum of contigs of equal length or longer is at least 50% of the total
length of all contigs. Here we see a logarithmic distribution where higher cvCut
values generate larger contigs.




Assm. Parameters (kmer/cvCut) vs. Assm. Indicators(Ctg Count/N50)
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Figure 7: Assembly Parameters (kmer/cvCut) vs. Assembly Indicators (Ctg
Count/N50). This plot shows the influence of kmer length and cvCut on the
number of contigs produced with greater than 2*k length. Again, we see a
somewhat logarithmic function with higher cvCut and higher kmers producer
longer and fewer isolated contigs.




Assm. Parameters (kmer/cvCut) vs. Percent Read Usage
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Figure 8: Assembly Parameters (k-mer/cvCut) vs. Percent Read Usage. This
figure compares k-mer and cvCut to the percent read usage. With sufficiently
high k, read utilization increases with coverage cutoff, due to the relaxation of
selectivity of node removal.
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Figure 9: Kernel density plot of log contig size distribution by controlling for
overall contig count. It is interesting to note the bimodal nature of this data.

Future research into the cause of this may uncover underlying information about
the source data or function of the assembler. The highest kmer and cvCut runs

appear to be more normal in distribution.




The results of these assemblies were then compared back to the original,
reference gene sequence using BLASTN (Altschul, Madden and Schaffer).
BLASTN outputs a percent identity which shows the similarity to the reference
sequence (Fig. 10 — 12 & Table 2 — 3) as well as a base by base alignment which
shows direct matches, deletions, insertions and substitutions for each assembled

node (Appendix B — E).

Color key for alignment scores
80-200

Figure 10: BLAST Map for Simulated 454 Reads (k = 31, coverage cutoff = 12,
expected coverage = 24). This figure, from BLAST, maps the 16 resultant
contigs of the 454 simulated reads at k-mer length 31, expected coverage 24,
and coverage cutoff 12. The level of similarity to the reference gene is shown by
the color, with red being the best quality. Contigs appear to high quality and well
distributed about the gene.
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Table 2: BLAST Contig Scoring for Simulated 454 Reads (k = 31, coverage cutoff
= 12, expected coverage = 24)

Sequences producing significant alignments:
63088 NODE_1_length_393 cov_219.491089

63089 NODE_2 length_282 _cov_195.992905 484 L 2e-140

63090 NODE_3 length_267 _cov_206.041199 428 & le-123

63091 NODE_4_length_206_cov_205.684464 340 it Je-97

63092 NODE_S_length_158_cov_201.348099 4% Je-83

63093 NODE_6_length_291_cov_199.041245 24 B% 2e-152

63094 NODE_7_length_461_cov_209.563935 690 2 3 0.0

63095 NODE_8_length_243 cov_213.312759 416 Ge-120

63096 NODE 9 length_98_cov_212,948975 18 7 fe-54

63097 NODE_10_length_148 cov_229.418915 00 2e-85

63098 NODE_11_length_76_cov_221.750000 15¢ by Je-42

63099 NODE_12_length_62_cov_208.145157 129 de-34

63100 NODE_13 length_73 _cov_221.095886 187 % 2e-51

63101 NODE_15_length_142_cov_198.697189 239 6e-67

63102 NODE_16_length 65 cov_216.415390 114 2% Be-30

e NODE 17 length 101 cov 213.732666 i L i | =2 BTSN 25 Rl

This table, also from BLAST, shows the 16 resultant contigs of the 454 simulated
reads at k-mer length 31, coverage cutoff 12 and expected coverage 24. The
contigs averaged 97.63% accuracy.

Color key for alignment scores
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Figure 11: BLAST Contig Scoring for Simulated 454 Reads (k = 21,
coverage cutoff = 2, expected coverage = 4). This assembly resulted in
4253 nodes and n50 of 16. BLAST, maps the resultant contigs above a
scoring threshold. The level of similarity to the reference gene is shown
by the color, with red being the best quality. Contigs appear to be very
small with medium to poor quality, yet well distributed about the gene.




Table 3: BLAST Contig Scoring for Simulated 454 Reads (k = 21, coverage cutoff
= 2, expected coverage = 4)

52974 NODE_11_length_21_cov_7.142857
52975 NODE_15% & th_21_cov_2.000
NODE 273 _length_21 cov_3.952381
NODE_093_leng cov_5.047619
NODE_104€_length cov_6.666667
NODE_L0BG length 23 cov_93.173912
NODE 3 1 27.714285%
NODE_12 ength_21_¢ 3.571429
NODE 1 engtn_21 4.047619
ength_21 ¢_4.904762
iength = 27.888389
ength 2.360000
ength
ength
ength_21
ength
sength
ength
ength
ength_21 ¢ 7.380952
engtn_21 95
2 wngth_21_cov_5.904762
§2996 ) ength_21_cov_6.190476
52997 ¢ length 857143
52998 length 714286
32999 NI 2258 length_21 cov_4.523809
53000 YE_2275_length cov_3.095238
53001 JOE 2294 length 428571
53002 NODE_2316_jength_21_c 4.714286
53003 NODE 2322 length < 2.619048
53004 NODE_2138 _length C 857143
53005 NODE_2351_length 21 cov 761905
53006 NODE_2355 length_21 o 142857
53007 NODE_2368 jength_21 v_3.428571
53008 L. 2370_lengtn_21_cov_7.190476
53009 2371 _length_21 v_4.190476
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Figure 12: BLAST Contig Scoring for Simulated “Exact” Reads (k =
21, coverage cutoff = 2, expected coverage = 4). This assembly maps
the single resultant contig of the simulated “exact” reads at k-mer
length 21, expected coverage 4, and coverage cutoff 2. This
assembly resulted in a complete gene sequence regardless of input
parameters, indicating that the importance of coverage cutoff and
expected coverage lies mainly in error handling and correction. When
the input was of complete consensus with the reference sequence, the
output remained error free. The assembled contig achieved 100%
reference gene coverage at 100% identity with a length of 3963 bases.

AMOS files of selected final assemblies were generated with velvet and

opened for analysis with Hawkeye (Fig. 13 — 15) (Schatz, Phillippy and

Shneiderman).
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Figure 13: Hawkeye overview display. Simulated 454 simulated reads at k-mer
length 31, expected coverage 24, and coverage cutoff 12. Various statistics are
shown, including a graph of the contig length distribution.




Figure 14: Hawkeye Contig Alignment Display. 454 simulated reads at k-mer
length 31, expected coverage 24, and coverage cutoff 12 showing consensus
alignments of the reads used to create one of the 16 generated contigs. This

figure also shows the introduced errors in the simulated reads.
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Figure 15: Hawkeye Contig Detail Display. 454 simulated reads at k-mer length
31, expected coverage 24, and coverage cutoff 12 showing information about
each of the 16 generated contigs including length and number of reads used per
contig.




CHAPTER IV
CONCLUSIONS

Read assembly remains an inexact science, relying heavily on statistical
modeling and inference for error correction and graph simplification. Our
synthetic assembly experiment demonstrates how heavily parameter selection
influences final assembly, thus consideration must be made when designing an
experiment and performing the assembly. The value of k depends primarily on
the nature of the source genome, particularly the length and abundance of
repeats. With sufficiently high k, read utilization and resultant contig length
increases with coverage cutoff, due to the removal of lower coverage nodes,
however this elimination can lead to misassemblies. A delicate balance exists
between easing coverage limits to increase final assembled contig length and a
reduction in accuracy. Some experiments, such as preliminary genome

sequencing may seek wider coverage and fewer but longer nodes at the expense

of 100% accuracy of individual bases, whereas small target sequencing of short

gene segments may obtain the higher accuracy required by increasing read

coverage.

Future Work
As the algorithms continue to mature, research into the automated choice
of parameters will assist scientists when faced with the challenge of read
assembly. Obtaining and integrating the various scripts and applications was a

chore, as each had its own set of dependencies and special setup instructions.




Velvet assembly and the associated tools would benefit from a cloud
implementation, similar to that of NCBI's BLAST to provide a full suite of
assembly tools with minimal or no configuration.

Further efforts to understand the parameterization of short read assembly
using Velvet should expand both the source data and selected parameter value
set, possibly to include eukaryotic data. Application of a similar study to
eukaryotic source data could aid in understanding how the various stages of De
Novo assembly are influenced by the fundamental differences in complexity and
arrangement of more complex genomes. Understanding the effects that source
data repeat rates and complexity have on assembly contig outputs may lead to a
better understanding or expansion of the use boundaries of this algorithm.

A more detailed study of k-mer length selection could also include

recursive scanning of a reference genome for maximum repeat length and a

priori comparison to the genomes of similar organisms.

Continued effort to understand and evaluate the decisions used when
simplifying or error correcting the de Bruijn graph will lead to higher quality
assemblies, eventually reducing our dependence on De Novo techniques.
Improved and standardized methods can server to unify the field in the areas of
statistical decision making as well as reference to biological markers and

archived genomic data.




APPENDIX A
FASTA FILE FOR REFERENCE GENE PUTA/B1014

>eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding transcrip-
tional regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase
(EC:1.5.99.8 1.5.1.12); K0O0294 1-pyrroline-5-carboxylate dehydrogenase
[EC:1.5.1.12] KO0318 proline dehydrogenase [EC:1.5.99.8] (N)
atgggaaccaccaccatgggggttaagctggacgacgcgacgcgtgagcgtattaagtct
gccgcgacacgtatcgatcgcacaccacactggttaattaagcaggcgattttticttat
ctcgaacaactggaaaacagcgatactctgccggagctacctgegcetgctttctggegeg
gccaatgagagcgatgaagcaccgactccggcagaggaaccacaccagcecattcctcgac
tttgccgagcaaatattgccccagteggtticccgegecgegatcaccgeggcectatege
cgcccggaaaccgaagceggtttctatgetgetggaacaagceccgcectgecgecagecagtt
gctgaacaggcgcacaaactggcgtatcagctggccgataaactgcgtaatcaaaaaaat
gccagtggtcgegcaggtatggtccaggggttattgcaggagttttcgetgtcatcgeag
gaaggcgtggcgctgatgtgtctggcggaagcegttgtigegtattcccgacaaagecace
cgcgacgcgttaattcgcgacaaaatcagcaacggtaactggcagtcacacattggtcgt
agcccgtcactgtttgttaatgccgccacctgggggcetgcetgtttactggcaaactggtt
fccacccataacgaagccagcctctccegetecgetgaaccgceattatcggtaaaageggt
gaaccgctgatccgcaaaggtgtggatatggcgatgcgcectgatgggtgagceagttcgte
actggcgaaaccatcgcggaagcegttagccaatgcccgcaagcetggaagagaaaggtttc
cgttactcttacgatatgctgggcgaagcecgegcetgaccgecgcagatgcacaggcegtat
atggtttcctatcagcaggcgattcacgccatcggtaaagcegtctaacggtcgtggceate
tatgaagggccgggcatttcaatcaaactgtcggcegctgcatcegegttatageccgegece
cagtatgaccgggtaatggaagagctttacccgcgtctgaaatcactcaccctgetggeg
cgtcagtacgatattggtatcaacattgacgccgaagagtccgatcgcectggagatctce
ctcgatctgctggaaaaactctgtitcgagccggaactggcaggcetggaacggcatcggt
tttgttattcaggcttatcaaaaacgctgcccgttggtgatcgattacctgattgatctc
gccacccgcagcecgtcgecgtctgatgattcgectggtgaaaggegcegtactgggatagt
gaaattaagcgtgcgcagatggacggccttgaaggttatccggtttatacccgcaaggtg
tataccgacgtttcttatctcgectgtgcgaaaaagcetgetggeggtgccgaatctaate
tacccgcagttcgcgacgcacaacgcccatacgcetggeggcegatttatcaactggecgggg
cagaactactacccgggtcagtacgagttccagtgcctgcatggtatgggcgagecactg
tatgagcaggtcaccgggaaagttgccgacggcaaacttaaccgtccgtgtegtatttat
gctccggttggcacacatgaaacgctgttggegtatetggtgegtegectgetggaaaac
ggtgctaacacctcgtttgttaaccgtattgccgacacctctttgccactggatgaactg
gtcgccgatceggtcactgctgtagaaaaactggcgcaacaggaagggcaaactggatta
ccgcatccgaaaattcccctgecgegcegatctttacggtcacgggcgegacaactcggea
gggctggatctcgctaacgaacaccgcectggcectcgcetetectetgecctgctcaatagt
gcactgcaaaaatggcaggccttgccaatgctggaacaaccggtagcggcaggtgagatg
tcgccecgttattaaccectgcggaaccgaaagatattgtgggcetatgtgecgtgaagcecacg
ccgcegtgaagtagaacaggcegctggaaagtgceggttaataacgcgccaatctggtttgece
acgcctccggctgaacgcgcagcegattttgcaccgcgcetgecgtgetgatggaaagecag
atgcagcaactgattggtattctggtgcgtgaggccggaaaaaccttcagtaacgccatt
gccgaagtgcgcgaagceggtcgatttictccactactacgccggacaggtgecgggatgat




ttcgctaacgaaacccaccgtccattagggcectgtggtgtgtatcagtccgtggaacttc
ccgctggctattttcaccgggcagatcgcecgecgcactggeggcaggtaacagegtgcetg
gcaaaaccggcagaacaaacgccgctgattgccgecgcaagggatcgecattttgetggaa
gcgggtgtaccgccaggcegtggtgcaattgetgccaggtcggggtgaaaccgtgggegeg
caactgacgggtgatgatcgcgtgcgeggggtgatgtttaccggttcaaccgaagtcgct
acgttactgcagcgcaatatcgccagcecgcectggacgctcagggtegecctattcegcete
atcgctgaaaccggcggcatgaacgcgatgattgtcgattcttcagcactgaccgaacag
gtcgtcgtggatgtactggcctcggegttcgacagtgecgggtcagcegttgttcggegcetg
cgcgtgctgtgectgcaagatgagattgccgaccacacgttigaaaatgetgecgeggegcea
atggccgaatgccggatgggtaatccgggtcgectgaccaccgatatcggtccagtgatt
gatagcgaagcgaaagccaatattgagcgccatattcagaccatgcgtagcaaaggecgt
ccggtgttccaggeggtgcgggaaaacagcgaagatgeccgtgaatggcaaageggcacc
tttgtcgcccecgacgcetgatcgaactggatgactttgccgaattgcaaaaagaggtcttt
ggtccggtgctgcatgtggtgegttacaaccgtaaccagctaccagagcetgatcgagceag
attaacgcttccggttatggtctgacgcettggcgtccatacgcgcattgatgaaaccatc
gcccaggtcactggctcggceccatgttggtaacctgtatgttaaccgtaatatggtggge
gcagtggttggtgtgcagccgttcggcggcgaagggttgtccggtaccgggecgaaagcea
ggcggtccgctctatctctaccgtetgetggegaatcgeccggaaagtgegcetggeagtg
acgctcgegcegtcaggatgcaaagtatccggtcgatgecgecagtigaaagecgceattgact
cagccgctaaatgcactgcgggaatgggcagcaaatcgtccagaattgcaggegttatgt
acgcaatatggcgagctggcgcaggcaggaacacaacgattgctgccggggecgacgggt
gaacgcaacacctggacgctgctgccgegtgagcegcegtgttgtgtattgccgatgatgag
caggatgcgctgactcagctcgecgecgtgetggeggtgggcagecaggtactgtggecg
gatgacgcgctgcatcgtcagttagtgaaggcattgccatcggcagtcagcgaacgtatt
caactggcgaaagcggaaaatataaccgctcaaccgtttigatgcggtgatcttccacggt
gattcggatcagcttcgcgceattgtgtgaagcagttgccgecgecgggatggcacaattgtt
tcggtgcagggttttgcccgtggcgaaagcaatatecttctggaacggctgtatatcgag
cgttcgctgagtgtgaataccgetgecgetggeggtaacgcecagcttaatgactataggt
taa




APPENDIX B
BLAST REPORT “EXACT” ASSEMBLED k = 21 EXPECTED COVERAGE =4

COVERAGE CUTOFF =2 VS. REFERENCE

velveth out_NP_415534-Exact_21 21 -fasta -shortPaired NP_415534-Exact.fasta
velvetg out_NP_415534-Exact_21_2 4 dir -exp_cov 4 -cov_cutoff 2 -read_trkg yes -
amos_file yes -unused_reads yes

Final graph has 1 nodes and n50 of 3963, max 3963, total 3963, using 5000/5000 reads

BLASTN 2.2.23+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro
A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and
David J. Lipman (1997), "Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs", Nucleic
Acids Res. 25:3389-3402.

RID: U317VMZJ112

Query= eco:bl014 putA, ECK1005, Jw0999, poaA, putC; fused DNA-binding
transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8
1.5.1.12); K00294 1-pyrroline-5-carboxylate dehydrogenase
[EC:1.5.1.12] K00318 proline dehydrogenase [EC:1.5.99.8] (N)
Length=3963

. Score E
Sequences producing significant alignments: (Bits) Value
101\29253 NODE_1_length_ 3963_cov_1233.750977 4911 0.0
ALIGNMENTS

>1cl|29253 NODE_1_length_3963_cov_1233.750977
Length=3983

Score = 4911 bits (5446), Expect = 0.0
Identities = 2723/2723 (100%), Gaps = 0
Strand=Plus/Plus

/2723 (0%)

Query 1 ATGGGAACCACCACCATGGGGGTTAAGCTGGACGACGCGACGCGTGAGCGTATTAAGTCT

COLLERELEL LD EEEE LD L L L]

Sbjct ATGGGAACCACCACCATGGGGGTTAAGCTGGACGACGCGACGCGTGAGCGTATTAAGTCT

Query GCCGCGACACGTATCGATCGCACACCACACTGGTTAATTAAGCAGGCGATTTTTTCTTAT

LUELERELELEEL LR ELEEE L LR L]

Sbjct GCCGCGACACGTATCGATCGCACACCACACTGGTTAATTAAGCAGGCGATTTTTTCTTAT

Query TCGAACAACTGGAAAACAGCGATACTCTGCCGGAGCTACCTGCGCTGCTTTCTGGCGCG

II\Il\II\IITI|t!|IJII\lI\IIHI\lI\II\IHIIIIIHIIHI\II]II\I

Sbijct TCGAACAACT ATACTCTGCCGGAGCTACCTGCGCTGCTTTCTGGCH

Query GCCAATGAGAGCGATGAAGCACCGACTCCGGCAGAGGAACCACACCAGCCATTCCTCGAC

II\II\II\II\IliiIIHIHIHIHIHI\II\II\IHIIEIIIHI\IIIII]I

Sbijct CCAATGAGAGCGATGAAGCACCGACTCCGGCAGAGGAACCACACCAGCCATTCCTCGAC

Query TTTGCCGAGCAAATATTGCCCCAGTCGGTTTCCCGCGCCGCGATCACCGCGGCCTATCGC

LELLLLLE LR L L L L

Sbjct TTTGCCGAGCAAATATTGCCCCAGTCGGTTTCCCGCGCCGCGATCACCGCGGCCTATCGC

Query CGCCCGGAAACCGAAGCGGTTTCTATGCTGCTGGAACAAGCCCGCCTGCCGCAGCCAGTT

IIlIIHI\IHIHIIH|Ii|i||||||i|IHI\II\IHIHIIiIIIIIiIILII

Sbijct GAAACCGAAGCGGTTTCTATGCTGCTGGAACAAGCCCGCCTGCCGCAGCCAGTT

Query GCTGAACAGGCGCACAAACTGGCGTATCAGCTGGCCGATAAACTGCGTAATCnnnnnnnT

CELLERLELELEEREL L L L LT LT
AAAAAAAT

Sbjct GCTGAACAGGCGCACAAACTGGCGTATCAGCTGGCCGATAAACTGCGTAATC

Query GCCAGTGGTCGCGCAGGTATGGTCCAGGGGTTATTGCAGGAGTTTTCGCTGTCATCGCAG

IHIIIII\IIHI\IHIIEIHIHIHIIIIIIHI\II\II\IHII\II\IHII

Sbjct GCCAGTGGTCGCGCAGGTATGGTCCAGGGGTTATTGCAGGAGTTTTCGCTGTCATCGCAG




GAAGGCGTGGCGCTGATGTGTCTGGCGGAAGCGTTGTTGCGTATTCCCGACAAAGCCACC

I|iI|II|IHI\II\II\II\II\II\IIH|H||||IHII|IHIHI\IHIHI

GAAGGCGTGGCGCTGATGTGTCTGGCGGAAGCGTTGTTGCGTATTCCCGACAAAGCCACC

CGCGACGCGTTAATTCGCGACAAAATCAGCAACGGTAACTGGCAGTCACACATTGGTCGT

IHI|II|I1|I1|HIIHIHI\II\II\IHII[IIIIIIIIIIIIIIIHIHI\I

CGCGACGCGTTAATTCGCGACAAAATCAGCAACGGTAACTGGCAGTCACACATTGGTCG

AGCCCGTCACTGTTTGTTAATGCCGCCACCTGGGGGCTGCTGTTTACTGGCAAACTGGTT

||\IHI|I|||I|I||I]|IHHlIHIHI\II\IHIHIIHIIlIHIIJIHI

AGCCCGTCACTGTTTGTTAATGCCGCCACCTGGGGGCTGCTGTTTACTGGCAAACTGGT

TCCACCCATAACGAAGCCAGCCTCTCCCGCTCGCTGAACCGCATTATCGGTAAAAGCGG

||\||\I|HI[IIIIIlI|II|II|IIII]IIJII\II\IHII\IHIIIIIIIIIII

TCCACCCATAACGAAGCCAGCCTCTCCCGCTCGCTGAACCGCATTATCGGTAAAAGCG

GAACCGCTGATCCGCAAAGGTGTGGATATGGCGATGCGCCTGATGGGTGAGCAGTTCGTC

|IJII\II\II\I|\I|H||||II|||||I||||I\II\II\II\IHIHIIIIIIII

GAACCGCTGATCCGCAAAGG GGATATGGCGATGCGCCTGATGGGTGAGCAGTTCGTC

ACTGGCGAAACCATCGCGGAAGCGTTAGCCAATGCCCGCAAGCTGGAAGAGAAAGGTTTC

|I||I\II\II\II\II\II\II\IHIHIIIIIIJIHII\II\IIHI\IHIItII

GGCGAAACCATCGCGGAAGCGTTAGCCAATGCCCGCAAGCTGGAAGAGAAAGGTTTC

CGTTACTCTTACGATATGCTGGGCGAAGCCGCGCTGACCGCCGCAGATGCACAGGCGTAT

|LI|II|I\|I\|I\II\II\I|\II\II\I|\||lIIIJII\II\II\II\II\IHII

CGTTACTCTTACGATATGCTGGGCGAAGC GCTGACCGCCGCAGATGCACAGGCGTAT

ATGGTTTCCTATCAGCAGGCGATTCACGCCATCGGTAAAGCGTCTAACGGTCGTGGCATC

CELLELELEE UL L LD LT

ATGGTTTCCTATCAGCAGGCGATTCACGCCATCGGTAAAGCGTCTAACGGTCGTGGCATC

TATGAAGGGCCGGGCATTTCAATCAAACTGTCGGCGCTGCATCCGCGTTATAGCCGCGCC

LELLLELELELELEETT L] II\|I\II\|IHHIHIIIIHIIIIIIHI\IIHI

TATGAAGGGCCGGGCATTTCAATCAAACTGTCGGCGCTGCATCCGCGTTATAGCCGCGCC

CAGTATGACCGGGTAATGGAAGAGCTTTACCCGCGTCTGAAATCACTCACCCTGCTGGCG

IHI\IIHHIIFI|iI|Il||||II|I1|H|I\IHIIHHIIIIIIIIIIII\II

AGTATGACCGGGTAATGGAAGAGCTTTACCCGCGTCTGAAATCACTCACCCTGCTGGCG

CGTCAGTACGATATTGGTATCAACATTGACGCCGAAGAGTCCGATCGCCTGGAGATCTCC

COLEELERLELEE LU LR

CGTCAGTACGATATTGGTATCAACATTGACGCCGAAGAGTCCGATCGCCTGGAGATCTCC

CTCGATCTGCTGGAAAAACTCTGTTTCGAGCCGGAACTGGCAGGCTGGAACGGCATCGGT

LLCLELELLELEEEL LT DL

CTCGATCTGCTGGAAAAACTCTGTTTCGAGCCGGAACTGGCAGGCTGGAACGGCATCGGT

TTTGTTATTCAGGCTTATCAAAAACGCTGCCCGTTGGTGATCGATTACCTGATTGATCTC

LLLLELLLE L L L L LD LT

TTTGTTATTCAGGCTTATCAAAAACGCTGCCCGTTGGTGATCGATTACCTGATTGATCTC

GCCACCCGCAGCCGTCGCCGTCTGATGATTCGCCTGGTGAAAGGCGCGTACTGGGATAGT

\II\||\I||||IlIIJ|I\|I\|I\II\|I\lI\II\IIIIHIIIIIIJII\IIHI\

CCACCCGCAGCCGTCGCCGTCTGATGATTCGCCTGGTGAAAGGCGCGTACTGGGATAGT

GAAATTAAGCGTGCGCAGATGGACGGCCTTGAAGGTTATCCGGTTTATACCCGCAAGGTG

\II\II\IIHI\I||I|Ii|Ii|IJ|II|IJIIHI\II\IHIIHI!III!II!III

GAAATTAAGCGTGCGCAGATGGACGGCCTTGAAGGTTATCCGGTTTATACCCGCAAGGT!

TATACCGACGTTTCTTATCTCGCCTGTGCGAAAAAGCTGCTGGCGGTGCCGAATCTAATC

III\II\II\IHII\IHIIIIIIIIHIIIII!IIHI\IIHI\IHIIHI!IIFI

ATACCGACGTTTCTTATCTCGCCTG GAAAAAGCTGCTGGCGGTGCCGAATCTAATC

TACCCGCAGTTCGCGACGCACAACGCCCATACGCTGGCGGCGATTTATCAACTGGCGGGG

LELECULDLELEEEE L L L LR LT LT

TACCCGCAGTTCGCGACGCACAACGCCCATACGCTGGCGGCGATTTATCAACTGGCGGGG

CAGAACTACTACCCGGGTCAGTACGAGTTCCAGTGCCTGCATGGTATGGGCGAGCCACTG

IH||[I|Ii||1|I\lI\|I\II\|I\lI\II\IHIIFIIIIIIJIIHIHIHIH

CAGAACTACTACCCGGGTCAGTACGAGTTCCAGTGCCTGCATGGTATGGGCGAGCCACTG

TATGAGCAGGTCACCGGGAAAGTTGCCGACGGCAAACTTAACCGTCCGTGTCGTATTTAT

CLLLEEL L LELEE LU L LD

TATGAGCAGGTCACCGGGAAAGTTGCCGACGGCAAACTTAACCGTCCGTGTCGTATTTAT

GCTCCGGTTGGCACACATGAAACGCTGTTGGCGTATCTGGTGCGTCGCCTGCTGGAAAAC

II\II\II\II\I|H|H|II||I|II|iI|IIIIHI\II\IIHI\IIIIIII||I|

GCTCCGGTTGGCACACATGAAACGCTGTTGGCGTATCTGGTGCGTCGCCTGCTG




Query 1681 GGTGCTAACACCTCGTTTGTTAACCGTATTGCCGACACCTCTTTGCCACTGGATGAACTG

\||HIII|||IIJ!I]IIIIII|Il|IilI\|I\IIIIIIIIIIIIiIIIIIIII]II\

Sbjct 2941 GGTGCTAACACCTCGTTTGTTAACCGTATTGCCGACACCTCTTTGCCACTGGATGAA

Query 1741 GTCGCCGATCCGGTCACTGCTGTAGAAAAACTGGCGCAACAGGAAGGGCARACTGGATTA

ilI]II\II\II[II[IIPIItll\||tIIII|||II\II\IHII[II\II\IIHIII

Sbjct 3001 GTCGCCGATCCGGTCACTGCTGTAGAAAAACT CAACAGGAAGGGCAAACTGGATT

Query 1801 CCGCATCCGAAAATTCCCCTGCCGCGCGATCTTTACGGTCACGGGCGCGACAACTCGGC

I||||I||I1IHI|IIHI|\II LELELLELEELEEEE L LU LT ]

Sbjct 3061 CATCCGAAAATTCCCCTGCCGCGCGATCTTTACGGTCACGGGCGCGACAACTCGGCA

Query 1861 GGGCTGGATCTCGCTAACGAACACCGCCTGGCCTCGCTCTCCTCTGCCCTGCTCAATAGT

IIIIIIIIIJIHII\IIJII\IIJII\II\II\I|!||IJIIHIJIIJIIIIIHI\I

Sbjct 3121 GGGCTGGATCTCGCTAACGAACACCGCCTGGCCTCGCTCTCCTCTGCCCTGCTCAATA

Query 1921 GCACTGCAAAAATGGCAGGCCTTGCCAATGCTGGAACAACCGGTAGCGGCAGGTGAGATG

|I\|I\||\II!I||||||IIIIiII!IIiIIIIII\IIHIiIIlIIiIHII!IIIlI

Sbjct 3181 CCAATGCTGGAACAACCGGTAGCGGCAGGTGAGATG

Query 1981 TCGCCCGTTATTAACCCTGCGGAACCGAAAGATATTGTGGGCTATGTGCGTGAAGCCACG

CLCELLEE LT EEEE LR LT L

Sbjct 3241 TCGCCCGTTATTAACCCTGCGGAACCGAAAGATATTGTGGGCTATGTGCGTGAAGCCACG

Query 2041 CCGCGTGAAGTAGAACAGGCGCTGGAAAGTGCGGTTAATAACGCGCCAATCTGGTTTGCC

||I|Ii|IJlI\|I\II\|I\|I\lI\|I\IIH|l|IIHI\II\IIHIHI\IIHI

Sbjct 3301 GTGAAGTAGAA TTAATAAC CAATCTGGTTTGCC

Query 2101 ACGCCTCCGGCTGAACGCGCAGCGATTTTGCACCGCGCTGCCGTGCTGATGGAAAGCCAG

I\IIHl[IIII|II|I||II|II||I||I|I\II\IIHIIIIIIIIII[IIIIIIIII

Sbjct 3361 ACGCCTCCGGCTGAACGCGCAGCGATTTTGCACCGCGCTGCCGTGCTGATGGAAAGCCAG

Query 2161 ATGCAGCAACTGATTGGTATTCTGGTGCGTGAGGCCGGAAAAACCTTCAGTAACGCCATT

I\II\II\IIIIIII||I|II||I|!I|||||1l|\||\|||I|II||IHI|II|IIII

Sbjct 3421 ATGCAGCAACTGATTGGTATTCTGGTGCGTGAGG GAAAAACCTTCAGTAACGCCATT

Query 2221 GCCGAAGTGCGCGAAGCGGTCGATTTTCTCCACTACTACGCCGGACAGGTGCGGGATGAT

I|IIHIJIIHHIHII\IIHI\IHIHIIIIII LELLLLELLETELLELL L]

Sbict 3481 GAAG' TGCGCGAAGCGGTCGATTTTCTCCACTACTACGCCGGACAGGTGCGGGATGA

Query 2281 TTCGCTAACGAAACCCACCGTCCATTAGGGCCTGTGGTGTGTATCAGTCCGTGGAACTTC

LELECELLEELELEEE L LT

Sbjct 3541 TTCGCTAACGAAACCCACCGTCCATTAGGGCCTGTGGTGTGTATCAGTCCGTGGAACTTC

Query 2341 CCGCTGGCTATTTTCACCGGGCAGATCGCCGCCGCACTGGCGGCAGGTAACAGCGTGCTG

\IIHIHI!IIIII|||||]IIIEI|II|IIII\|I\IIHIII]II][IHIIIIIH

Sbjct 3601 CCGCTGGCTATTTTCACCGGGCAGATCGCCGCCGCACTGGCGGCAGGTAACAGCGTG

Query 2401 GCAAAACCGGCAGAACAAACGCCGCTGATTGCCGCGCAAGGGATCGCCATTTTGCTGGAA

|||I|II|IJ|I\|I\|I\||\IIJ|I\||\II[I|IIIIJIIHI\IIJIIHIHHI

Sbjct 3661 GCAAAACCGGCA TGATTGCCGCGCAAGGGATCGCCATTTTGCTGGAA

Query 2461 GCGGGTGTACCGCCAGGCGTGGTGCAATTGCTGCCAGGTCGGGGTGAAACCGTGGGCGCG

CLLLELELT L L LT

Sbjct 3721 GCGGGTGTACCGCCAGGCGTGGTGCAATTGCTGCCAGGTCGGGGTGAAACCGTGGGCGCG

Query 2521 CAACTGACGGGTGATGATCGCGTGCGCGGGGTGATGTTTACCGGTTCAACCGAAGTCGCT

II\I|HI\I|II||||||||||lI||||IilIi|I\IHI]IIIEIIIIHII!IIIII

Sbjct 3781 AACTGACGGGTGATGATCGCGTGCGCCGGCTGATGTTTACCGGTTCAACCGAAGTCGCT

Query 2581 ACGTTACTGCAGCGCAATATCGCCAGCCGCCTGGACGCTCAGGGTCGCCCTATTCCGCTC

LECLEELEELLELEE DL L]

Sbjct 3841 ACGTTACTGCAGCGCAATATCGCCAGCCGCCTGGACGCTCAGGGTCGCCCTATTCCGCTC

Query 2641 ATCGCTGAAACCGGCGGCATGAACGCGATGATTGTCGATTCTTCAGCACTGACCGAACAG

COLLELELELEEEL LR L]

Sbjct 3901 ATCGCTGAAACCGGCGGCATGAACGCGATGATTGTCGATTCTTCAGCACTGACCGAACAG

Query 2701 GTCGTCGTGGATGTACTGGCCTC 2723

I\II\II\IHIHIIIIIFIIF

Sbjct 3961 TCGTCGTGGATGTACTGGCCTC 3983

Score = 2273 bits (2520), Expect = 0.0
Identities = 1260/1260 (100%), Gaps = 0
Strand=Plus/Plus

/1260 (0%)

Query 2704 GTCGTGGATGTACTGGCCTCGGCGTTCGACAGTGCGGGTCAGCGTTGTTCEGGCGCTGCGC

\II\IIFIIIII|I|IIIIIIIIIIIIIIIIHI\IHIIlI]IIIIIlIIIII]IIIII

Sbict I GTCGTGGATGTACTGGCCTCGGCGTTCGACAGTGCGGGTCAGCGTTGTTCGGCGCTGCGC




GTGCTGTGCCTGCAAGATGAGATTGCCGACCACACGTTGAAAATGCTGCGCGGCGCAATG

|II|IJIIJIIHI\II\IIIJIHI|i|||||!IIHI\II\II\IIIIIIII!IIIII

GTGCTGTGCCTGCAAGATGAGATTGCCGACCACA GCGGCGCAA

GCCGAATGCCGGATGGGTAATCCGGGTCGCCTGACCACCGATATCGGTCCAGTGATTGAT

LELLLLELELELE DL L L]

GCCGAATGCCGGATGGGTAATCCGGGTCGCCTGACCACCGATATCGGTCCAGTGATTGAT

AGCGAAGCGAAAGCCAATATTGAGCGCCATATTCAGACCATGCGTAGCAAAGGCCGTCCG

HIHIHI|I!IIIII\IHI|\I|[IHII\II[I|||||H|\||\||\I|\II\II

AGCGAAGCGAAAGCCAATATTGAGCGCCATATTCAGACCATGC AAAGGCC

GTGTTCCAGGCGGTGCGGGAAAACAGCGAAGATGCCCGTGAATGGCAAAGCGGCACCTTT

|\||\Il\IHIHIII\|I\I|\I|\II\II\II\IIFIIIIIIIIIHI\II\II\II

TGTTCCAGGCGG GAAGATGCCCGTGAATGGCAAAGCGGCACCTTT

GTCGCCCCGACGCTGATCGAACTGGATGACTTTGCCGAATTGCAAAAAGAGGTCTTTGGT

CELLELELLE L DL LT L L L

GTCGCCCCGACGCTGATCGAACTGGATGACTTTGCCGAATTGCAAAAAGAGGTCTTTGGT

CCGGTGCTGCATGTGGTGCGTTACAACCGTAACCAGCTACCAGAGCTGATCGAGCAGATT

IJIH|IJII\II\I]H|Il|IJ||\IIIII]|I]II\II\IHIIFIIIIIIIIEIII

GGTGCTGCATGTGGTGCGTTAC. AGCTACCAGAGCTGATCGAGCAGATT

AACGCTTCCGGTTATGGTCTGACGCTTGGCGTCCATACGCGCATTGATGAAACCATCGCC

LCLECEEEEEE T ELEL L LT LT EL L]

AACGCTTCCGGTTATGGTCTGACGCTTGGCGTCCATACGCGCATTGATGAAACCATCGCC

CAGGTCACTGGCTCGGCCCATGTTGGTAACCTGTATGTTAACCGTAATATGGTGGGCGCA

\Il\II[II[l||||IHI\||H|\II\I]\II\IIIIIIHI\II\II\II\II\II\

CAGGTCACTGGCTCGGCCCATG AATATGGTGGGCGCA
T L T
| I

GTGGTTGGTGTGCAGCCGTTCGGCGGCGAAGGETTGTCCGEGTACCGGGCCGAAAGCAGG!

GGTCCGCTCTATCTCTACCGTCTGCTGGCGAATCGCCCGGAAAGTGCGCTGGCAGTGACG

\IIHI\II\IHII[II|]|I\IIHI\II\IIHI\II\II[IIIIIIIII]IIIIII

GGTCCGCTCTATCTCTACCGTCTGCTGGCGAATC! GAAAGTGCGCTGGCAGTGACG

CTCGCGCGTCAGGATGCAAAGTATCCGGTCGATGCGCAGTTGAAAGCCGCATTGACTCAG

LELCCUELLELLL LD LT

CTCGCGCGTCAGGATGCAAAGTATCCGGTCGATGCGCAGTTGAAAGCCGCATTGACTCAG

CCGCTAAATGCACTGCGGGAATGGGCAGCAAATCGTCCAGAATTGCAGGCGTTATGTACG

II\I|II|IIIIJII\IHIIH|\I|\II\I|\I|IIIIHI\II\IHIHIHII\I

CGCTAAATGCACTGCGGGAATGGGCAGCAAATC! AGAATTGCAGGCGTTATGTACG

CAATATGGCGAGCTGGCGCAGGCAGGAACACAACGATTGCTGCCCGGGGCCGACGGGTGAA

LERLLLELLEDELLE LD

CAATATGGCGAGCTGGCGCAGGCAGGAACACAACGATTGCTGCCGGGGCCGACGGGTGAA

CGCAACACCTGGACGCTGCTGCCGCGTGAGCGCGTGTTGTGTATTGCCGATGATGAGCAG

|IHIHI\IHII[IIIIII\II\IIHIHIHI\II\IIIIITIIIIIIJIIiII\I

GCAACACCTGGACGCTGCTGCCGCGTGAGCGCGTGTTGTGTATTGCCGATGATGAGCAG

GATGCGCTGACTCAGCTCGCCGCCGTGCTGGCGGTGGGCAGCCAGGTACTGTGGCCGGAT

CELLLLLCELEELE L L L L L]

GATGCGCTGACTCAGCTCGCCGCCGTGCTGGCGGTGGGCAGCCAGGTACTGTGGCCGGAT

GACGCGCTGCATCGTCAGTTAGTGAAGGCATTGCCATCGGCAGTCAGCGAACGTATTCAA

HIIHIiIIIHI\II\IHIIEI||II\IIEII||IIJIIHI\II\IIHHII\II

GACGCGCTGCATCGTCAGTTAGTGAAGGCATTGCCATCGGCAGTCAGCGAACGTATTCAA

CTGGCGAAAGCGGAAAATATAACCGCTCAACCGTTTGATGCGGTGATCTTCCACGGTGAT

I\II\I|\I||I|II|I\II\IHI]\II\Il\Il\||||||1|||||HIHIHIHI

AAAATATAACCGCTCAACCGTTTGATGCGGTGATCTTCCACGGTGAT

TCGGATCAGCTTCGCGCATTGTGTGAAGCAGTTGCCGCGCGGGATGGCACAATTGTTTCG

LELEELEELEL LT

TCGGATCAGCTTCGCGCATTGTGTGAAGCAGTTGCCGCGCGGGATGGCACAATTGTTTCG

GTGCAGGGTTTTGCCCGTGGCGAAAGCAATATCCTTCTGGAACGGCTGTATATCGAGCGT

|||II|Il|I\II\II\I|!I|Il|I1||IIIIIHIIHI\II\II\IHII LILL]

GTGCAGGGTTTTGCCCG GAAAGCAATATCCTTCTGGAACGGCTGTATATCGAGCGT

TCGCTGAGTGTGAATACCGCTGCCGCTGGCGGTAACGCCAGCTTAATGACTATAGGTTAA

LLCLELETLEL L L L LT

TCGCTGAGTGTGAATACCGCTGCCGCTGGCGGTAACGCCAGCTTAATGACTATAGGTTAA




Score = 22.9 bits (24), Expect 2.0
Identities = 12/12 (100%), Gaps 0/12 (0%)
Strand=Plus/Minus

Query 2860 ACCGATATCGGT 2871

LLLEELTLLT L

Sbjct 168 ACCGATATCGGT

Score = 22.9 bits (24), Expect 2.0
Identities = 12/12 (100%), Gaps 0/12 (0%)
Strand=Plus/Plus

Query 132 GGAAAACAGCGA 143

Sbjet 258 GGAAAACAGCGA 269

Score = 22.9 bits (24), Expect = 2.0
Identities = 17/19 (89%), Gaps = 1/19 (5%)
Strand=Plus/Plus

Query 1690 ACCTCGTTTGTTAACCGTA 1708

LEEL L DL

Sbjct 509 ACCT-GTATGTTAACCGTA 526

Score = 22.9 bits (24), Expect
Identities = 12/12 (100%), Gaps
Strand=Plus/Plus

Query 2961 GGAAAACAGCGA 2972

LELTLLLELLT]

Sbjct 1392 GGAAAACAGCGA 1403

Score = 22.9 bits (24), Expect = 2.0
Identities = 17/19 (89%), Gaps = 1/19 (5%)
Strand=Plus/Plus

Query 3212 ACCT-GTATGTTAACCGTA 3229

Sbjct 2950 ACCTCGTTTGTTAACCGTA 2968

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 238 GACTTTGCCGA 248

[LLELETLLL

Sbjct 328 GACTTTGCCGA 338

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps =
Strand=Plus/Minus

Query 797 CGGAAGCGTTA 807

LELLELLLLL

Sbjct 430 CGGAAGCGTTA 420

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 787 GAAACCATCGC 797

LILELLLL] ]

Sbjct 469 GAAACCATCGC 479

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus




Query 1418 TGCTGGCGGTG 1428

LELLLLLLLL

Sbjct 926 TGCTGGCGGTG 936

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Minus

Query 206 CTCCGGCAGAG 216

LEELLELLTT]

Sbjct 1416 CTCCGGCAGAG 1406

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Minus

Query 146 CTCTGCCGGAG 156

LEELLLELTT]

Sbjct 1476 CTCTGCCGGAG 1466

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 3031 GACTTTGCCGA 3041

LILLLETLLL

Sbjct 1498 GACTTTGCCGA 1508

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 3172 GAAACCATCGC 3182

LLLELELELL

Sbjct 2047 GAAACCATCGC 2057

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Minus

Query 3123 TAACGCTTCCG 3133

[LTLLELTLL]

Sbjct 2067 TAACGCTTCCG 2057

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 3629 TGCTGGCGGTG 3639

LLLLELELLLL

Sbjct 2678 TGCTGGCGGTG 2688

Score = 21.1 bits (22), Expect = 6.8
Identities = 13/14 (92%), Gaps = 0/14
Strand=Plus/Minus

Query 2073 GGTTAATAACGCGC 2086

LLELELELTLL |

Sbjct 3256 GGTTAATAACGGGC 3243

Score = 21.1 bits (22), Expect = 6.8
Identities = 13/14 (92%), Gaps = 0/14
Strand=Plus/Minus

Query 1983 GCCCGTTATTAACC 1996

SRRURNVRTYN
Sbjct 3346 GCGCGTTATTAACC 3333




APPENDIX C
BLAST REPORT 454 ASSEMBLED k = 21 EXPECTED COVERAGE = 4

COVERAGE CUTOFF =2 VS. REFERENCE

velveth out NP _415534-454_21 21 -fasta -shortPaired NP_415534-454.fasta
velvetg out_NP_415534-454_21 2_4_dir -exp_cov 4 -cov_cutoff 2 -read_trkg yes -amos_file
yes -unused_reads yes
Final graph has 4253 nodes and n50 of 16, max 36, total 29411, using 1394/5000 reads

BLASTN 2.2.23+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro
A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and
David J. Lipman (1997), "Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs", Nucleic
Acids Res. 25:3389-3402.

RID: U30ZCU4Y114

Query= eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding
transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8
1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase
[EC:1.5.1.12] K00318 proline dehydrogenase [EC:1.5.99.8] (N)
Length=3963

i Score E
Sequences producing significant alignments: (Bits) Value

1c1l|52974 NODE_11_length_21_cov_7.142857 66 .
1cl|52975 NODE_159_length_21_cov_2.000000 59,
1cl|52976 NODE_273_length_21_cov_3.952381 66.
1¢1|52977 NODE_893_length_21_ cov_5.047619 66.
1¢1|52978 NODE_1046_length_ 21 cov_6.666667 66.
1¢c1|52979 NODE_1086_length 23_cov_93.173912 53.
1c1|52980 NODE_1139_length 21 cov_27.714285 46.
1c1|52981 NODE_1229 length_21_cov_3.571429 66.
1c1|52982 NODE_1278 length 21 _cov_4.047619 66.
1cl1|52983 NODE_1407_length_21_cov_4.904762 66.
1c1)|52984 NODE_1540_length_36_cov_27.888889 42.
1cl1|52985 NODE_1819_length_25_cov_2.360000 BB
1cl1|52986 NODE_1834_length_21_cov_5.523809 66.
1c1(52987 NODE_1931_length 21 _cov_4.904762 66.
1c1 (52988 NODE_1961_length 21 cov_2.428571 66.
1c1|52989 NODE_1994_length_21_cov_5.000000 66.
1c1(52990 NODE_2005_length_21_cov_4.714286 66.
1c1|52991 NODE_2082_length_ 21_cov_3.238095 66.
1c1(52992 NODE_2191_length_ 21 cov_5.095238 66 .
1c1|52993 NODE_2199 length 21_cov_7.380952 66.
1c1|52994 NODE_2212 length 21_cov_4.238095 66.
1c1|52995 NODE_2217_length_21_cov_5.904762 66 .
1c1|52996 NODE_2236_length_21_cov_6.190476 66.
1c1(52997 NODE_2238_length 21 cov_2.857143 66 .
1c1|52998 NODE_2257 length 21_cov_4.714286 66.
1c1]52999 NODE_2258_ length_21_cov_4.523809 66.
53000 NODE_2275_length 21 _cov_3.095238 66.
53001 NODE_2294_length_21_cov_3.428571 66.
53002 NODE_2316_length 21_cov_4.714286 66.
53003 NODE_2332_length 21 _cov_2.619048 66.
53004 NODE_2338_length 21 _cov_4.857143 66.
53005 NODE_2351_length 21 cov_4.761905 66.
53006 NODE_2355_length 21 cov_7.142857 66.
53007 NODE_2369_length 21 _cov_3.428571 66.
53008 NODE_2370_length 21_cov_7.190476 66.
53009 NODE_2371_length 21 _cov_4.190476 66.
53010 NODE_2377_length_21_cov_2.190476 66.
53011 NODE_2396_length 21 _cov_2.714286 66.
53012 NODE_2409_length 21 _cov_5.142857 66.
53013 NODE_2417_length 21 _cov_2.238095 66.
53014 NODE_2418_length 21_cov_6.190476 66.
53015 NODE_2453_length 21 _cov_6.571429 66.
53016 NODE_2516_length 21 cov_3.047619 66.

le-15
2e-13
le-15
le-15
le-15
9e-12
le-09
le-15
le-15
le-15
2e-08
2e-13
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15
le-15

NNNNRONNNNNNNNNENNNNNNDNNNNNNDNNNNNNMNNNOONNNBOANNNON




53017 NODE_2544_length_21_cov_3.000000
53018 NODE_2551_length 21_cov_4.333333
53019 NODE_2559_length_21_cov_5.190476
53020 NODE_2566_length_21_cov_6.000000
53021 NODE_2633_length_21 cov_3.571429
53022 NODE_2655_length_21 cov_2.666667
53023 NODE_2660_length_21_cov_6.238095
53024 NODE_2695_length_21_cov_3.619048
53025 NODE_2717_length_21_cov_3.238095
53026 NODE_2718_length_21_cov_2.857143
53027 NODE_2773_length_21_cov_8.380953
1cl (53028 NODE_2791_length_21_cov_3.523809
1cl1 (53029 NODE_2808_length 21 _cov_4.047619
1cl1 (53030 NODE_2822_length_21_cov_8.142858
1c1 (53031 NODE_2832_length_21_cov_8.380953
1cl|53032 NODE_2898 length_21_cov_3.190476
1lcl|53033 NODE_2899 length_21_cov_2.428571
1lcl|53034 NODE_2906_length_21_cov_4.714286
1c1|53035 NODE 2922 length_21_cov_4.476191
1c1|53036 NODE_2940_length 21 _cov_3.619048
1lcl|53037 NODE_2949_length 21 _cov_8.047619
1c1|53038 NODE_2981_length_21_cov_3.428571
1¢1|53039 NODE_3005_length_21_cov_2.428571
1c1(53040 NODE_3009_length_21_cov_4.476191
1c1|53041 NODE_3023_length_21_cov_4.142857
1cl (53042 NODE_3058_length_21_cov_5.952381
1lcl (53043 NODE_3067_length_ 21 cov_3.809524
1lcl1(53044 NODE_3101_length 21_cov_5.047619
1lcl (53045 NODE_3119 length_21_cov_6.142857
1cl1 (53046 NODE_3122 length_36_cov_2.083333
lcl 53047 NODE_3153_length_21_cov_6.190476
lcl (53048 NODE_3162_length_21_cov_3.285714
1cl1|53049 NODE_3168_length 21_cov_4.285714
1lc1|53050 NODE_3170_length_21_cov_2.380952
1lcl (53051 NODE_3181_length_21_cov_2.619048
lcl 53052 NODE_3182 length_21_cov_3.952381
1cl|53053 NODE_3234_length_ 21_cov_2.476191
lcl (53054 NODE_3245_length 21_cov_5.238095
lcl (53055 NODE_3262_length 21_cov_4.714286
1lel (53056 NODE_3264_length_ 21 cov_6.428571
1cl (53057 NODE_3273_length 21_cov_3.190476
1c1|53058 NODE_3276_length 21_cov_5.428571
1cl (53059 NODE_3279_length_21_cov_3.571429
lcl (53060 NODE_3294_length_21_cov_4.761905
lcl (53061 NODE_3301_length_21_cov_3.619048
1lcl|53062 NODE_3302_length_21_cov_3.761905
1lc1|53063 NODE_3312_length_21_cov_4.000000
1lcl1|53064 NODE_3314_length_21_cov_2.000000
1cl|53065 NODE_3317_length_21 cov_2.809524
1c1|53066 NODE_3330_length_21_cov_3.238095
1c1|53067 NODE_3347_length_21_cov_3.333333
1c1|53068 NODE_3370_length_21_cov_3.142857
1c1|53069 NODE_3387_length_21_cov_2.714286
1lc1|53070 NODE_3404_length_21_cov_5.476191
1c1|53071 NODE_3428_length_21_cov_5.523809
1cl (53072 NODE_3470_length_21_cov_2.571429
1cl|53073 NODE_3488_length_21_cov_2.904762

MGNNNMNNNMNNI\JNNMMNNNNK\JMMDONONNMMl\)NNMMMMMDNMNNMI\JMI\)NNOMMNNN

ALIGNMENTS
>1c1|52974 NODE_11_length_21_cov_7.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1925 TGCAAAAATGGCAGGCCTTG-CCAATGCTGGAACAACCGGT 1964

||i||i|| COLLLLEELELE LT L LT

Sbjct 1 AAAAATGGCAGGCCTTGTCCAATGCTGGAACAACCGGT 41

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Plus

Query 329 TGCTGGAACAA 339

IIIIHI\IH

Sbjct 26 TGCTGGAACAA

>1c1|52975 NODE_159_length_21_cov_2.000000




Length=41

Score = 59.0 bits (64), Expect = 2e-13
Identities = 39/41 (95%), Gaps = 2/41 (4%)
Strand=Plus/Plus

Query 3837 TGTTTCGGTGCAGGGTTTTG-CCCGT-GGCGAAAGCAATAT

LELLELLELEELEELELELL L] !IIIIII\II\IIT

Sbjct 1 TGTTTCGGTGCAGGGTTTTGACCCGTCGGCGAAAGCAA

>1cl|52976 NODE_273_length_21_cov_3.952381
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2040 GCCGCGTGAAGTAGAACAGG-CGCTGGAAAGTGCGGTTAAT

LLLLELELTLLLLETL LT II\II\II\IHIIIJII\I

Sbjct 41 GCCGCGTGAAGTAGAACAGGACGCTGGAAAGTGCG

>1c1|52977 NODE_893_length 21 cov_5.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3196 TCGGCCCATGTTGGTAACCT-GTATGTTAACCGTAATATGG

LELLLELELLELE LY LT

Sbjct 41 TCGGCCCATGTTGGTAACCTAGTATGTTAACCGTAATATGG

Score = 26.5 bits (28), Expect = 0.001
Identities = 17/19 (89%), Gaps = 0/19 (0%)
Strand=Plus/Minus

Query 1690 ACCTCGTTTGTTAACCGTA 1708

LU L TEELEL LT

Shict: 25 ACCTAGTATGTTAACCGTA

>1c1|52978 NODE_1046_length 21 _cov_6.666667
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3185 AGGTCACTGGCTCGGCCCAT-GTTGGTAACCTGTATGTTAA 3224

CLCELELEEEELELELEE LT ]

Sbjct 41 AGGTCACTGGCTCGGCCCATAGTTGGTAACCTGTATGTTAA

>1cl|52979 NODE_1086_length 23_cov_93.173912
Length=43

Score = 53.6 bits (58), Expect = 9e-12
Identities = 40/43 (93%), Gaps = 3/43 (6%)
Strand=Plus/Minus

Query 2583 GTTACTGCAGCGCAA-TATCG-CCAGCCGCCTGGACGCTCAGG 2623

LELELLEELLELEEL FELEL LD L] DL

Sbjct 42 GTTACTGCAGCGCAACTATCGTCCAGCCGCCTGGA-GCTCAGG 1

>1cl|52980 NODE_1139_length_21_cov_27.714285
Length=41

Score = 46.4 bits (50), Expect = le-09
Identities = 29/30 (96%), Gaps = 1/30 (3%)
Strand=Plus/Minus

Query 1 ATGGGAACC-ACCACCATGGGGGTTAAGCT 29

Sbjct 30 ATGGGAACCTACCACCATGGGGGTTAAGCT




>1c1|52981 NODE_1229_ length 21 cov_3.571429
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 47 AGCGTATTAAGTCTGCCGCG-ACACGTATCGATCGCACACC 86

COELERELELE LR L FEVELLELEREEEL L]

Shjct 1 AGCGTATTAAGTCTGCCGCGTACACGTATCGATCGCACACC 41

>1cl|52982 NODE_1278_length_21_cov_4.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2034 AGCCACGCCGCGTGAAGTAG-AACAGGCGCTGGAAAGTGCG 2073

CLLLELELEELEE R L FELEEELELE LT

Sbijct 1 AGCCACGCCGCGTGAAGTAGTAACAGGCGCTGGAAAGTGCG

>1cl|52983 NODE_1407_length_21_cov_4.904762
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 464 TTTCGCTGTCATCGCAGGAA-GGCGTGGCGCTGATGTGTCT 503

LELELLELELL DL LELLELE LT L]

Sbjct 41 TTTCGCTGTCATCGCAGGAACGGCGTGGCGCTGATGTGTCT

>1cl|52984 NODE_1540_length_36_cov_27.888889
Length=56

Score = 42.8 bits (46), Expect = 2e-08
Identities = 31/35 (88%), Gaps = 1/35 (2%)
Strand=Plus/Minus

Query 2325 CAGTCCGTGGAACTTCCCGC-TGGCTATTTTCACC 2358

CELELLELEELEEE L L L

Sbjet 35 CAGTCCGTGGAACTCCGGGCCTGGCTATTTTCACC 1

Score = 41.0 bits (44), Expect 8e-08
Identities = 22/22 (100%), Gaps 0/22 (0%)
Strand=Plus/Minus

Query 2321 GTATCAGTCCGTGGAACTTCCC 2342

LELTULLEELEELLELELLT ]

Sbjct 56 GTATCAGTCCGTGGAACTTCCC 35

>1cl|52985 NODE_1819_length 25 _cov_2.360000
Length=45

Score = 59.0 bits (64), Expect = 2e-13
Identities = 43/46 (93%), Gaps = 3/46 (6%)
Strand=Plus/Minus

Query 2795 ACACGTTGAAAA-TGCTG-CGCGGCGCAATGGCCGAATGCCGGATG

LELLELEEEED L LEEEEE DL LT

Sbjct 45 ACACGTTGAAAAATGCTGACGCGGC-CAATGGCCGAATGCCGGATG

Score = 22.9 bits (24), Expect = 0.017
Identities = 14/15 (93%), Gaps = 0/15 (0%)
Strand=Plus/Minus

Query 173 CTGGCGCGGCCAATG 187

WRSMELRANAEL NN

Shict 30 CTGACGCGGCCAATG

>1c1|52986 NODE_1834_length 21_cov_5.523809
Length=41

2838

1




Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1706 GTATTGCCGACACCTCTTTG-CCACTGGATGAACTGGTCGC

ITIIIIIIIIIIIIIIIIII|II|I||II|I1|I1|I\|

Sbjct 1 GTATTGCCGACACCTCTTTGTCCACTGGATGAACTGGTCG!

>1cl|52987 NODE_1931_length_21_cov_4.904762
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2788 GCCGACCACACGTTGAAAAT-GCTGCGCGGCGCAATGGCCG

LELELLELLELEEREL L LLELEE L L

Sbjct 41 GCCGACCACACGTTGAAAATCGCTGCGCGGCGCAATGGCCG

001
/14 (0%)

Score = 26.5 bits (28), Expect
Identities = 14/14 (100%), Gaps
Strand=Plus/Plus

= 0.
=0

Query 2116 CGCGCAGCGATTTT 2129

Sbjet 13 CGCGCAGCGATTTT

>1¢l|52988 NODE_1961_length 21 _cov_2.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3464 AATTGCAGGCGTTATGTACG-CAATATGGCGAGCTGGCGCA

II\IILIIIIIIIII!IIII LOLUELELELELELLLL L

8bjet 1 TTGCAGGCGTTATGTACGTCAATATGGCGAGCTGGCGCA

>1c1|52989 NODE_1994_length 21 cov_5.000000
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 500 GTCTGGCGGAAGCGTTGTTG-CGTATTCCCGACAAAGCCAC 539

CELEELELETE LU LR LT

Sbjct 41 GTCTGGCGGAAGCGTTGTTGACGTATTCCCGACAAAGCCAC

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 796 GCGGAAGCGTT 806

LLLLEDLLL L

Sbjct 36 GCGGAAGCGTT

>1cl|52990 NODE_2005_length_21_cov_4.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2686 GCACTGACCGAACAGGTCGT-CGTGGATGTACTGGCCTCGG

ELDLELELLEELLELEEEEE LT

Sbjct 41 GCACTGACCGAACAGGTCGTACGTGGATGTACTGGCCTCGG
>1c1|52991 NODE_2082_length_21_cov_3.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)




Strand=Plus/Plus

Query 277 GCCGCGATCACCGCGGCCTA-TCGCCGCCCGGAAACCGAAG

LUELELELELLLELTLLL ] IIHI\IHIIIIIHIIJI

Sbjct 1 GCCGCGATCACCGCGGCCTACTCGCCGCCCGGAAACC

>1cl|52992 NODE_2191_length_21_cov_5.095238
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 550 TTAATTCGCGACAAAATCAG-CAACGGTAACTGGCAGTCAC

L RELER L ELLDE BLLTL BS LK R LR DL |

Shjet 1 TTAATTCGCGACAAAATCAGTCAACGGTAACTGGCAGTCAC

>1c1|52993 NODE_2199_1length_21_cov_7.380952
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2145 GCTGATGGAAAGCCAGATGC-AGCAACTGATTGGTATTCTG 2184

LELLTELEREELEEE LR DL L]

Sbjct 41 GCTGATGGAAAGCCAGATGCTAGCAACTGATTGGTATTCTG

>1cl|52994 NODE_2212_ length_ 21 _cov_4.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 835 GGTTTCCGTTACTCTTACGA-TATGCTGGGCGAAGCCGCGC 874

COLEELUERELEEELEEEEE PR

Sbjct 1 GGTTTCCGTTACTCTTACGAGTATGCTGGGCGAAGCCGCGC

>1cl|52995 NODE_2217_length_21_cov_5.904762
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2461 GCGGGTGTACCGCCAGGCGT-GGTGCAATTGCTGCCAGGTC 2500

LLELERELEEELE L ELELEE LT

Sbjct 41 GCGGGTGTACCGCCAGGCGTAGGTGCAATTGCTGCCAGGTC

>1cl|52996 NODE_2236_length 21 _cov_6.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 1933 TGGCAGGCCTTGCCAATGCT-GGAACAACCGGTAGCGGCAG 1972

LULLLLELELEEEET L LT

Sbjct 41 TGGCAGGCCTTGCCAATGCTCGGAACAACCGGTAGCGGCAG 1

>1cl|52997 NODE_2238_length 21 cov_2.857143
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 277 GCCGCGATCACCGCGGCCTA-TCGCCGCCCGGAAACCGAAG 316

CLLLELRLLLEELELELL] ] HIHI\II\IIIIIIIII]

Sbjct 1 GCCGCGATCACCGCGGCCTAGTCGCCGCCCGGAAACCGAA

>1cl|52998 NODE_2257_length 21_cov_4.714286
Length=41




Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3536 CGGGTGAACGCAACACCTGG- ACGCTGCTGCCGCGTGAGCG

II\II\II\II\II LELLEE PELEEE R LT LT
Sbjct 41  CGGGT GAACGCAACACCTGGTACGCTGCTGCCGCGTGAGCG

>1cl|52999 NODE_2258_length_21_cov_4.523809
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3467 TGCAGGCGTTATGTACGCAA-TATGGCGAGCTGGCGCAGGC

LEELLLLLEELELTLLET] L] I|\I|FI|iI|II||I|

Sbjct 41 TGCAGGCGTTATGTACGCAACTATGGCGAGCTGGCGCAGG

>1¢c1|53000 NODE_2275_length_21_cov_3.095238
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3862 GGCGAAAGCAATATCCTTCT-GGAACGGCTGTATATCGAGC

I[IIII LELELLLLERELEL DL LT

Sbjct 1 GCGAAAGCAATATCCTTCTAGGAACGGCTGTATATCGAGC

>1cl|53001 NODE_2294_length_21_cov_3.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 873 GCTGACCGCCGCAGATGCAC-AGGCGTATATGGTTTCCTAT 912

LULEELEECEEE LR LR LT
Sbjct 41  GCTGACCGCCGCAGATGCACGAGGCGTATATGGTTTCCTAT 1

>1cl|53002 NODE_2316_length 21 cov_4.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3458 GTCCAGAATTGCAGGCGTTA-TGTACGCAATATGGCGAGCT

LELLLLELELELT LD PEELEEEL L]

Sbjct 41 GTCCAGAATTGCAGGCGTTAGTGTACGCAATATGGCGAGCT

>1c1|53003 NODE_2332_length 21 cov_2.619048
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3534 GACGGGTGAACGCAACACCT-GGACGCTGCTGCCGCGTGAG

LELELLELELDELELEEE L EEELELL L]

Shjct 1 GACGGGTGAACGCAACACCTCGGACGCTGCTGCCGCGTGAG

>1c1|53004 NODE_2338_length 21 _cov_4.857143
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2805 AATGCTGCGCGGCGCAATGG-CCGAATGCCGGATGGGTAAT

iIIiIIJII\IIlII\Il\I\Illllflllllllll\ll

Sbjct 41 AATGCTGCGCGGCGCAATGGACCGAATGCCGGATGGGTAA




>1cl|53005 NODE_2351_length_21_cov_4.761905
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 1820 TGCCGCGCGATCTTTACGGT-CACGGGCGCGACAACTCGGC

LELLELELERELL LT L] II\II\II\IHII\IHII

Sbjct 41 TGCCGCGCGATCTTTACGGTACACGGGCGCGACAACTCG

>1cl|53006 NODE_2355_length_ 21 _cov_7.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3743 TAACCGCTCAACCGTTTGAT-GCGGTGATCTTCCACGGTGA

COLLEELELE LR LT L]

Sbjct 1 TAACCGCTCAACCGTTTGATAGCGGTGATCTTCCACGGTGA

>1¢l|53007 NODE_2369_length_21_cov_3.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 828 AGAGAAAGGTTTCCGTTACT-CTTACGATATGCTGGGCGAA

III\IIHI\II\II\IHI LELELLELLDEELLLLT]

Shjet il AGAGAAAGGTTTCCGTTACTACTTACGATATGCTGGGCGAA

>1cl|53008 NODE_2370_length_21_cov_7.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3319 TACCGTCTGCTGGCGAATCG-CCCGGAAAGTGCGCTGGCAG

LELCELELELELEEE L L] ]

Shject 1 TACCGTCTGCTGGCGAATCGACCCGGAAAGTGCGCTGGCAG

>1cl|53009 NODE_2371_length_21_cov_4.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3476 TATGTACGCAATATGGCGAG-CTGGCGCAGGCAGGAACACA

LELCLLLELEDT L L LT

Sbjct 1 TATGTACGCAATATGGCGAGTCTGGCGCAGGCAGGAACACA

>1c1|53010 NODE_2377_length_21_cov_2.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 534 AGCCACCCGCGACGCGTTAA-TTCGCGACAAAATCAGCAAC

LLELELELEEEL L] HI\IIHI\IHII\II\I

Sbjct 1 AGCCACCCGCGACGCGTTAACTTCGCGACAAAATCAG

>1c1|53011 NODE_2396_length_21_cov_2.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus




Query 2998 ACCTTTGTCGCCCCGACGCT-GATCGAACTGGATGACTTTG

COLLEEELELEELEEEE L LLELELE L

Sbict 41 ACCTTTGTCGCCCCGACGCTCGATCGAACTGGATGACTTTG

>1¢l|53012 NODE_2409_length_21_cov_5.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3081 GCGTTACAACCGTAACCAGC-TACCAGAGCTGATCGAGCAG

LUGLEDECE)E REE VLD DV ELETELELLEL LV L L

Sbjct 1 GCGTTACAACCGTAACCAGCGTACCAGAGCTGATCGAGCAG

>1cl|53013 NODE_2417_length_21_cov_2.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1971 AGGTGAGATGTCGCCCGTTA-TTAACCCTGCGGAACCGAAA

LLLLELDELLETLLLT ] II|II|II||1II\IIEIII
Sbject 1 AGGTGAGATGTCGCCCGTTAGTTAACCCTGCGGAACCE

>1cl|53014 NODE_2418_length_21_cov_6.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3080 TGCGTTACAACCGTAACCAG-CTACCAGAGCTGATCGAGCA

LELELLL LR L E LT

Shjet 1 TGCGTTACAACCGTAACCAGTCTACCAGAGCTGATCGAGCA

>1c1153015 NODE_2453_length_21_cov_6.571429
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 764 TGGGTGAGCAGTTCGTCACT-GGCGAAACCATCGCGGAAGC 803

CELLELEEEDERE L L EEELEL L L]

Sbjct 41 TGGGTGAGCAGTTCGTCACTAGGCGAAACCATCGCGGAAGC

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 3172 GAAACCATCGC 3182

LIELLLLTL ]

Sbjct 17 GAAACCATCGC 7

>1cl|53016 NODE_2516_length 21 cov_3.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1600 AACCGTCCGTGTCGTATTTA-TGCTCCGGTTGGCACACATG 1639

IIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIJII[II\I

Sbjct 1 AACCGTCCGTGTCGTATTTACTGCTCCGGTTGGCACACATG

>1cl|53017 NODE_2544_length_21_cov_3.000000
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus




Query 2349 TATTTTCACCGGGCAGATCG-CCGCCGCACTGGCGGCAGGT 2388

COLLELELEEELEERELELE FLLELEL L]

Sbject 1 TATTTTCACCGGGCAGATCGTCCGCCGCACTGGCGGCAGGT 41

>1cl|53018 NODE_2551_length 21_cov_4.333333
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 724 CCGCTGATCCGCAAAGGTGT-GGATATGGCGATGCGCCTGA 763

LLCLELLELELLEELELEE D LU UL L]

Shijct 1 CCGCTGATCCGCAAAGGTGTCGGATATGGCGATGCGCCTGA

>1cl|53019 NODE_2559_length_21_cov_5.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1239 GATCGATTACCTGATTGATC-TCGCCACCCGCAGCCGTCGC 1278

LOLLELEETELLE LD L DL L

Sbjet 1 GATCGATTACCTGATTGATCGTCGCCACCCGCAGCCGTCGC 41

>1c1|53020 NODE_2566_length 21_cov_6.000000
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 318 GGTTTCTATGCTGCTGGAAC-AAGCCCGCCTGCCGCAGCCA 357

LELEELLLEEDELLLT]] ] IlIIHIHI\IHII\II\

Sbjct 41 GGTTTCTATGCTGCTGGAACTAAGCCCGCCTGCCGCAGCCA

>1cl|53021 NODE_2633_length 21 _cov_3.571429
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1195 ATCGGTTTTGTTATTCAGGC-TTATCAAAAACGCTGCCCGT 1234

LR L EE LT

Sbjct 1 ATCGGTTTTGTTATTCAGGCGTTATCAAAAACGCTGCCCGT 41

>1cl|53022 NODE_2655_length 21 _cov_2.666667
Length=41

Score = 59.0 bits (64), Expect = 2e-13
Identities = 36/37 (97%), Gaps = 1/37 (2%)
Strand=Plus/Plus

Query 2820 AATGGCCGAATGCCGG-ATGGGTAATCCGGGTCGCCT 2855

COLCLLELELEL L EEELE T L]

Sbjct 5 AATGGCCGAATGCCGGTATGGGTAATCCGGGTCGCCT

>1c1|53023 NODE_2660_length 21 cov_6.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

e LT T, =

Sbjct 41 TGTACCGCCAGGCGTGGTGCGAATTGCTGCCAGGTCGGGGT

>1cl|53024 NODE_2695_length 21 cov_3.619048
Length=41




Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2458 GAAGCGGGTGTACCGCCAGG-CGTGGTGCAATTGCTGCCAG

IIIIIIHI\II\II\II\I LELELLELLELELELTT

Sbjct 1 CGGGTGTACCGCCAGGTCGTGGTGCAATTGCTGCCAG

>1cl|53025 NODE_2717_length_21_cov_3.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 999 GCATCCGCGTTATAGCCGCG-CCCAGTATGACCGGGTAATG

LOCDELEELELL LT JIIIIIHIIIIHI\IIH

Sbjet 1 GCATCCGCGTTATAGCCGCGACCCAGTATGACCGGGTAATG

>1cl|53026 NODE_2718_length_21_cov_2.857143
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

e L O, =

Sbjct 1 GACTCCGGCAGAGGAACCACGACCAGCCATTCCTCGACTTT

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 146 CTCTGCCGGAG 156

LELELLLL

Shict 13 CTCTGCCGGAG 3

>1cl|53027 NODE_2773_length_21_cov_8.380953
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 1339 ATGGACGGCCTTGAAGGTTA-TCCGGTTTATACCCGCAAGG 1378

COLLLLEUELEELEEELET LR ELELEL T

Sbjct 41 ATGGACGGCCTTGAAGGTTAGTCCGGTTTATACCCGCAAGG

>1cl|53028 NODE_2791_length_21_cov_3.523809
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 540 CCGCGACGCGTTAATTCGCG-ACAAAATCAGCAACGGTAAC 579

LECELLECEELETEELLEL L DELLE LT EEL L]

Sbjct 1 CCGCGACGCGTTAATTCGCGTACAAAATCAGCAACGGTAAC

>1cl|53029 NODE_2808_length_21_cov_4.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1723 TTGCCACTGGATGAACTGGT-CGCCGATCCGGTCACTGCTG 1762

LELEELELELELEEEEE L LT

Sbhjct 1 TTGCCACTGGATGAACTGGTACGCCGATCCGGTCACTGCTG 41

>1c1|53030 NODE_2822_length_21_cov_8.142858
Length=41




Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1596 ACTTAACCGTCCGTGTCGTA-TTTATGCTCCGGTTGGCACA 1635

CELTLELELEREEEEEEEEE LEELELE LT

Sbject 1 ACTTAACCGTCCGTGTCGTAGTTTATGCTCCGGTTGGCACA 41

>1cl|53031 NODE_2832_length_21_cov_8.380953
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 935 GTAAAGCGTCTAACGGTCGT-GGCATCTATGAAGGGCCGGG 974

COPLELELEEL DL L LLE L L]

Sbhjct 1 GTAAAGCGTCTAACGGTCGTCGGCATCTATGAAGGGCCGGG 41

>1cl|53032 NODE_2898_length_21_cov_3.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2175 TGGTATTCTGGTGCGTGAGG-CCGGAAAAACCTTCAGTAAC 2214
CLLEREELELEE LR L L

Sbjct 41 TGGTATTCTGGTGCGTGAGGTCCGGAAAAACCTTCAGTAAC

>1cl|53033 NODE_2899_length_21_cov_2.428571
Length=41

Score = 59.0 bits (64), Expect = 2e-13
Identities = 39/41 (95%), Gaps = 2/41 (4%)
Strand=Plus/Minus

Query 2131 CACCGCGCTGCCGTG-CTGA-TGGAAAGCCAGATGCAGCAA 2169

LOLLELEELEEEE L DL DUELLELELLEL L]

Sbjct 41 CACCGCGCTGCCGTGACTGACTGGAAAGCCAGATGCAGCAA

>1cl|53034 NODE_2906_length 21 _cov_4.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 72 TATCGATCGCACACCACACT-GGTTAATTAAGCAGGCGATT 111

LELCELLLELE L LLEEE L]

Shjct 41 TATCGATCGCACACCACACTAGGTTAATTAAGCAGGCGATT

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 914 AGCAGGCGATT 924

[LLILELLL) L

Shict 11 AGCAGGCGATT

>1¢1|53035 NODE_2922_length 21 _cov_4.476191
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 1348 CTTGAAGGTTATCCGGTTTA-TACCCGCAAGGTGTATACCG 1387

COLEELLELERELELTEEE Y DL L

Sbjct 41 CTTGAAGGTTATCCGGTTTACTACCCGCAAGGTGTATACCG

>1c1|53036 NODE_2940_length_21_cov_3.619048
Length=41




Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1310 ACTGGGATAGTGAAATTAAG-CGTGCGCAGATGGACGGCCT

LLLLLLLEELELTLT LT IiIlIIIIIIIHIHI\II

Sbjct 1 ACTGGGATAGTGAAATTAAGACGTGCGCAGATGGACGGCC!

>1cl|53037 NODE_2949_length_21_cov_8.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 1332 TGCGCAGATGGACGGCCTTG-AAGGTTATCCGGTTTATACC

LELELELELLEELELEEEE PEELELL L]

Sbjct 41 TGCGCAGATGGACGGCCTTGTAAGGTTATCCGGTTTATACC

>1cl|53038 NODE_2981_length_21_cov_3.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2888 AAGCGAAAGCCAATATTGAG-CGCCATATTCAGACCATGCG

IIIIIHIHIHI\II\II LEELLLELTLL L LT

Shject 1 AAGCGAAAGCCAATATTGAGTCGCCATATTCAGACCATGCG

>1¢1|53039 NODE_3005_length_21_cov_2.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3512 CACAACGATTGCTGCCGGGG-CCGACGGGTGAACGCAACAC

LLLLELELELELL LT IHIHIIIIII!II]IIH

Sbjet: 1 CACAACGATTGCTGCCGGGGTCCGACGGGTGAACGCAAC,

>1c1|53040 NODE_3009_length 21 _cov_4.476191
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2471 CGCCAGGCGTGGTGCAATTG-CTGCCAGGTCGGGGTGAAAC

LELEDELLLEL LT EL EEELEREL LT LT

Shjet’ 1 CGCCAGGCGTGGTGCAATTGACTGCCAGGTCGGGGTGAAAC

>1cl|53041 NODE_3023_length 21_cov_4.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2241 CGATTTTCTCCACTACTACG-CCGGACAGGTGCGGGATGAT

LULLELELTEEL LR EEE ELLEE LT

Sbhjet: 1 CGATTTTCTCCACTACTACGACCGGACAGGTGCGGGATGAT

>1c1|53042 NODE_3058_length 21 cov_5.952381
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

e T T

Sbjct 41 TTCAGACCATGCGTAGCAAACGGCCGTCCGGTGTTCCAGGC




>1cl|53043 NODE_3067_length_21_cov_3.809524
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

T L L T =

Sbjct 41 TTCGTCACTGGCGAAACCATACGCGGAAGCGTTAGCCAATG

Score = 26.5 bits (28), Expect = 0.001
Identities = 17/19 (89%), Gaps = 0/19 (0%)
Strand=Plus/Plus

Query 3123 TAACGCTTCCGGTTATGGT 3141

LELELLELELE 1T

Sbjct 8 TAACGCTTCCGCGTATGGT 26

Score = 21.1 bits (22), Expect 0.052
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 505 GCGGAAGCGTT 515

LELTELLLLL

Sbjct 19 GCGGAAGCGTT

>1c1|53044 NODE_3101_length_21_cov_5.047619
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3862 GGCGAAAGCAATATCCTTCT-GGAACGGCTGTATATCGAGC 3901

IHIHIIIIIIIII\IIH LELLLLLLELLLEL LD

Sbject 41 CGAAAGCAATATCCTTCTCGGAACGGCTGTATATCGAGC

>1el|53045 NODE_3119_length_21_cov_6.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 356 CAGTTGCTGAACAGGCGCAC-AAACTGGCGTATCAGCTGGC 395

COLELLELEELEELELEE L ELEL LT L

Sbjct 41 CAGTTGCTGAACAGGCGCACGAAACTGGCGTATCAGCTGGC 1

>1cl|53046 NODE_3122_length_36_cov_2.083333
Length=56

Score = 77.0 bits (84), Expect = le-18
Identities = 53/56 (94%), Gaps = 3/56 (5%)
Strand=Plus/Plus

Query 966 AGGGCCGGGCATTTCAA-TC-AAACTGTCGGCGCT-GCATCCGCGTTATAGCCGCG

IHI\II\IHIHIH LELELLERELELE L LT

Shject 1 AGGGCCGGGCATTTCAAATCGAAACTGTCGGCGCTCGCATCCGCGTTATAGCCGCG

>1cl|53047 NODE_3153_length 21 cov_6.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2352 TTTCACCGGGCAGATCGCCG-CCGCACTGGCGGCAGGTAAC 2391

LELELLELELERELEEEELE L]

Sbjct 41 TTTCACCGGGCAGATCGCCGTCCGCACTGGCGGCAGGTAAC

>1cl|53048 NODE_3162_length 21_cov_3.285714
Length=41

1018

56




Score = 59.0 bits (64), Expect = 2e-13
Identities = 39/41 (95%), Gaps = 2/41 (4%)
Strand=Plus/Minus

Query 2266 CAGGTGCGGGATGATTT-CG-CTAACGAAACCCACCGTCCA

COEUELEEEER e LE L DL

Sbjct 41 CAGGTGCGGGATGATTTTCGACTAACGAAACCCACCGTCCA

>1c1|53049 NODE_3168_length_21_cov_4.285714
Length=41

Score = 59.0 bits (64), Expect = 2e-13
Identities = 39/41 (95%), Gaps = 2/41 (4%)
Strand=Plus/Plus

Query 609 ACTGTTTGTTAATG-CCGCC-ACCTGGGGGCTGCTGTTTAC

511051 58 0 0 0 05 A 00

Sbjct 1 ACTGTTTGTTAATGACCGCCGACCTGGGGGCTGCTGTTTAC

>1c1|53050 NODE_3170_length 21 _cov_2.380952
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 739 GGTGTGGATATGGCGATGCG-CCTGATGGGTGAGCAGTTCG

LEELELCEELEEEEEL LLELE L

||
Sbjct 1 GGTGTGGATATGGCGATGCGACCTGATGGGTGAGCAGTTCG

>1c1|53051 NODE_3181_length 21_cov_2.619048
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3732 AGCGGAAAATATAACCGCTC-AACCGTTTGATGCGGTGATC

LELELLEL LR ELELE L FE L]

Sbjct 41 AGCGGAAAATATAACCGCTCTAACCGTTTGATGCGGTGATC

>1C1\53052 NODE_3182_length_ 21_cov_3.952381
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3093 TAACCAGCTACCAGAGCTGA-TCGAGCAGATTAACGCTTCC

LELLLTELEELLELELEEE L]

Sbjct 41 TAACCAGCTACCAGAGCTGAGTCGAGCAGATTAACGCTTCC

>1c1|53053 NODE_3234_length_21_cov_2.476191
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 2777 AAGATGAGATTGCCGACCAC-ACGTTGAAAATGCTGCGCGG

COLLELREL LT EELE TELLLL T

LILLLL]]
Sbjct 41  AAGATGAGATTGCCGACCACTACGTTGAAAATGCTGCGCGG

>1cl|53054 NODE_3245_length 21_cov_5.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1602 CCGTCCGTGTCGTATTTATG-CTCCGGTTGGCACACATGAA

LECEELEEERELEEREL T L L L]

Shijct 3 CCGTCCGTGTCGTATTTATGACTCCGGTTGGCACACATGAA

2304

;-




>1cl|53055 NODE_3262_length_21 _cov_4.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1127 GCCTGGAGATCTCCCTCGAT-CTGCTGGAAAAACTCTGTTT 1166

LELLLEREL LY LR L

Sbjct 1 GCCTGGAGATCTCCCTCGATACTGCTGGAAAAACTCTGTTT 41

Score = 21.1 bits (22), Expect = 0.052
Identities = 11/11 (100%), Gaps = 0/11 (0%)
Strand=Plus/Plus

Query 1669 CTGCTGGAAAA

Sbjct 22 CTGCTGGAAAA

>1c1|53056 NODE_3264_length_21_cov_6.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 664 ACCCATAACGAAGCCAGCCT-CTCCCGCTCGCTGAACCGCA 703

II\II\II\II\II\IIIIII|[I|FI|II|II|I\|I\

Sbjct 41 CATAACGAAGCCAGCCTACTCCCGCTCGCTGAACC

>1cl|53057 NODE_3273_length_21_cov_3.190476
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3844 GTGCAGGGTTTTGCCCGTGG-CGAAAGCAATATCCTTCTGG

LELELLLLLEELELEEE L FEELE LT

Sbjct 41 GTGCAGGGTTTTGCCCGTGGACGAAAGCAATATCCTTCTGG

>lcl\53058 NODE_3276_length_21_cov_5.428571
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3068 TGCTGCATGTGGTGCGTTAC-AACCGTAACCAGCTACCAGA

LECLEERELEEELELEE L LT ]

ghjce 1 TGCTGCATGTGGTGCGTTACGAACCGTAACCAGCTACCAGA

>1cl|53059 NODE_3279_length_21_cov_3.571429
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3279 GTCCGGTACCGGGCCGAAAG-CAGGCGGTCCGCTCTATCTC

LELEELELEELLELELEE L LELELEEEL LT

Sbjct 1 GTCCGGTACCGGGCCGAAAGTCAGGCGGTCCGCTCTATCTC

>1cl| 53060 NODE_3294_length 21_cov_4.761905
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3348 TGCGCTGGCAGTGACGCTCG -CGCGTCAGGATGCAAAGTAT

EOLELLLELELEEL LT DL LT ]

Shijct 1 TGCGCTGGCAGTGACGCTCGTCGCGTCAGGATGCAAAGTAT




>1cl|53061 NODE_3301_length 21 cov_3.619048
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2659 ATGAACGCGATGATTGTCGA-TTCTTCAGCACTGACCGAAC

CEULELLLLEREEEEEEEEL DL LT

Sbict 1 ATGAACGCGATGATTGTCGACTTCTTCAGCACTGACCGAAC

>1cl|53062 NODE_3302_length_21_cov_3.761905
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2741 GTCAGCGTTGTTCGGCGCTG-CGCGTGCTGTGCCTGCAAGA

COLPELERLEEEEEEEEEEE T L]

Sbjet 1 GTCAGCGTTGTTCGGCGCTGTCGCGTGCTGTGCCTGCAAGA

>1c1|53063 NODE_3312_length_21_cov_4.000000
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 632 GGGGGCTGCTGTTTACTGGC-AAACTGGTTTCCACCCATAA

COLLELELEEEEE LR TEELEEL LT ]

Sbjct 1 GGGGGCTGCTGTTTACTGGCTAAACTGGTTTCCACCCATAA

>1cl|53064 NODE_3314_length_21_cov_2.000000
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3893 ATATCGAGCGTTCGCTGAGT-GTGAATACCGCTGCCGCTGG

LELEELELEREEELELEL L L L

Sbijct 1 ATATCGAGCGTTCGCTGAGTCGTGAATACCGCTGCCGCTGG

>1c1|53065 NODE_3317_length 21_cov_2.809524
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3133 GGTTATGGTCTGACGCTTGG-CGTCCATACGCGCATTGATG

CELDELELELEET L L] IHIHIIFIII!II

Ebjce. 1 GGTTATGGTCTGACGCTTGGACGTCCATACGCGCATTGATG

>1cl|53066 NODE_3330_length 21 _cov_3.238095
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2277 TGATTTCGCTAACGAAACCC-ACCGTCCATTAGGGCCTGTG

LELLLELEL LD PEELEELE LT

Sbjct 1 TGATTTCGCTAACGAAACCCGACCGTCCATTAGGGCCTGTG

Score = 22.9 bits (24), Expect = 0.015
Identities = 14/15 (93%), Gaps = 0/15 (0%)
Strand=Plus/Plus

Query 1867 GATCTCGCTAACGAA 1881

LLLTLLLLETLLT

Sbhjct 2 GATTTCGCTAACGAA

671




>1cl|53067 NODE_3347_length 21_cov_3.333333
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 2294 CCCACCGTCCATTAGGGCCT-GTGGTGTGTATCAGTCCGTG

CELEEEREEE LR ] LR L]

Sbjet 1 CCCACCGTCCATTAGGGCCTAGTGGTGTGTATCAGTCCGTG

>1¢1|53068 NODE_3370_length_21_cov_3.142857
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 3798 CGCATTGTGTGAAGCAGTTG CCGCGCGGGATGGCACAATT

LULLELELEEL LT IHII\II\IHIII!IHI

Sbijct 1 CGCATTGTGTGAAGCAGTTGACCGCGCGGGATGGCACAATT

>1cl|53069 NODE_3387_length_21_cov_2.714286
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 991 TCGGCGCTGCATCCGCGTTA-TAGCCGCGCCCAGTATGACC

COLELEELELLELLL L] \IIHI\II\IHIII]IH

Sbjct 41 TCGGCGCTGCATCCGCGTTAGTAGCCGCGCCCAGTATGA

>1¢l|53070 NODE_3404_length 21_cov_5.476191
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 1692 CTCGTTTGTTAACCGTATTG-CCGACACCTCTTTGCCACTG

\II\II\IItII\IIIIII! LECRLLELELELTLLLTL]

Sbjct 1 TCGTTTGTTAACCGTATTGTCCGACACCTCTTTGCCACTG

Score = 21.1 bits (22), Expect = 0.052
Identities = 13/14 (92%), Gaps = 0/14 (0%)
Strand=Plus/Plus

Query 3216 GTATGTTAACCGTA 3229

hI HIIHIHI\

Sbjct 4 GTTTGTTAACCGTA

>1cl|53071 NODE_3428_length 21 cov_5.523809
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Minus

Query 3196 TCGGCCCATGTTGGTAACCT-GTATGTTAACCGTAATATGG

LELLELEEELELTLTL L HIHIHIHIIIIIIJII

Sbjct 41 TCGGCCCATGTTGGTAACCTCGTATGTTAACCGTAATA!

Score = 30.1 bits (32), Expect = le-04
Identities = 18/19 (94%), Gaps = 0/19 (0%)
Strand=Plus/Minus

Query 1690 ACCTCGTTTGTTAACCGTA 1708

[LLLELE TLELTLELT

Shjct: 25 ACCTCGTATGTTAACCGTA

>1cl|53072 NODE_3470_length_21_cov_2.571429
Length=41




Score = 59.0 bits (64), Expect = 2e-13
Identities = 39/41 (95%), Gaps = 2/41 (4%)
Strand=Plus/Minus

Query 3649 GTAC-TGTGGCCGGATGACG-CGCTGCATCGTCAGTTAGTG 3687

CELE LLELEEEEEE LD L

Sbjct 41 GTACGTGTGGCCGGATGACGACGCTGCATCGTCAGTTAGTG

>1cl|53073 NODE_3488_length_21_cov_2.904762
Length=41

Score = 66.2 bits (72), Expect = le-15
Identities = 40/41 (97%), Gaps = 1/41 (2%)
Strand=Plus/Plus

Query 407 GTAATCnnnnnnnTGCCAGT-GGTCGCGCAGGTATGGTCCA 446

| LLLLELELELLL LT

LELEELELELEL LT
Sbjet 1  GTAATCAAAAAAATGCCAGTAGGTCGCGCAGGTATGGTCCA




APPENDIX D
BLAST REPORT 454 ASSEMBLED k = 31 EXPECTED COVERAGE = 24

COVERAGE CUTOFF =12 VS. REFERENCE

velveth out_NP_415534-454_31 31 -fasta -shortPaired NP_415534-454.fasta

velvetg out_NP_415534-454_31_12_24_dir -exp_cov 24 -cov_cutoff 12 -read_trkg yes -
amos_file yes -unused_reads yes
Final graph has 22 nodes and n50 of 267, max 461, total 3130, using 5000/5000 reads

BLASTN 2.2.23+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro
A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and
David J. Lipman (1997), "Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs", Nucleic
Acids Res. 25:3389-3402.

RID: U2ZPZ325112

Query= eco:b1014 putA, ECK1005, JW0999, poad, putC; fused DNA-binding
transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8
1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase
[EC:1.5.1.12] K00318 proline dehydrogenase [EC:1.5.99.8] (N)
Length=3963

> Score E
Sequences producing significant alignments: (Bits) Value
1c1|63088 NODE_1_length_393_cov_219.491089 623 0.0
1cl1 (63089 NODE_2_length_282 cov_195.992905 484 2e-140
1c1|{63090 NODE_3_length 267_cov_206.041199 428 le-123
1cl|63091 NODE_4_length_206_cov_205.684464 340 3e-97
1cl|63092 NODE_5_length 158 cov_201.348099 293 3e-83
1cl|63093 NODE_6_length_291_cov_199.041245 524 2e-152
1c1|63094 NODE_7_length_461_cov_209.563995 690 0.0
1cl1|63095 NODE_8_length 243 cov_213.312759 416 6e-120
1lcl|63096 NODE_9_length_98 cov_212.948975 197 le-54
1¢1|63097 NODE_10_length_ 148 cov_229.418915 300 2e-85
1¢c1|63098 NODE_11_length_76_cov_221.750000 156 3e-42
1c1|63099 NODE_12_length_62_cov_208.145157 129 4e-34
1cl|63100 NODE_13_length_73_cov_221.095886 187 2e-51
lcl|63101 NODE_15_length 142 cov_198.697189 239 6e-67
1lcl|63102 NODE_16_length_65_cov_216.415390 114 8e-30
1c1|63103 NODE_17_length_101_cov_213.732666 185 8e-51
ALIGNMENTS
>1cl|63088 NODE_1_length_393_cov_219.491089
Length=423

Score = 623 bits (690), Expect
Identities = 410/434 (94%), Gaps
Strand=Plus/Plus

0.0
18/434 (4%)

Query 1756 ACTGCTGTAGAAAAACTGGCGCAACAGGAAGGG-CAAACTGGATTACCGCATCCGAAAAT 1814

CEEELEL LT DELELEE LT T I|IIFI|HI|I |I|I||

Sbjet 1 ACTGCTGAGAAAAAACTGGCG-AACAGGAAGEGGCAAAACTGATTACCGCATC-G 58

Query 1815 TCCCCTGCCGCGCGATCTTT-ACGGTCACGGGCGCGACAACTCGGCAGGGCTGGATCTCG 1873
: ||H||||HII|IH||||||||IHI|| H||1|H||||HI|IIHIIIIHII

sbjct 59 CTGCCGCG GTCACGG-CGCGACAACTCGGCAGGGCTGGATCTCG 117

Query 1874 CTAACGAACACCGCCTGGCCTCGCTCTCCTCTGCCCTGCTCAATAGTGCACTGCAAAAAT 1933

LERLLERLEELELLEL LT I!IHIIHIIIIEIIIIIIII

Sbjct 118 CTAACGAACACCGCCTGGCCTCGCTCTCCTCTGCCC--CTCAA 175

Query 1934 GG-CAGGCCTTGCCAATGCTGGAACAACCGGTAGCGGCAGGTGAGATGTCGCCCGTTATT 1992

§ IIIIIIIIIIIIIIIIIIIIIIIIIII CELELEERE DEELELLELEL LT

Sbjct 176 GGGCAGGCCTTGCCAATGCTGGAACAACCG-TAGCGGCAG-TGAGATGTCGC--GTTATT 231



Query AACCCTGCGGAACCG-AAAGATATTGTGGGCTATGTGCGTGAAGCCACGCCGCGTGAAGT

||I||II|I1IHII LLLLLLLRELELELE L LT

Sbjct GCGGAACCGGAAAGATATTGTGGGCTATGTGCGTGAAGCCACGCCGCGTGAAGT

Query AGAACAGGCGCTGGAAAGTGCGGTTAATAACGCGCCAATCTGGTTTGCCACGCCTCCGGC

CELCLUCELELEEEEELE L LELEEELLEL LT

Sbjct AGAACAGGCGCTGGAAAGTGCGGTTAATAACGCG-CAATCTGGTTTGCCACGCCTCCGGC

Query TGAACGCGCAGCGATTTTGCACCGCGCTGCCGTGCTGATGGAAAGCCAGATGCAGCAACT

LULLELEL LELELEEL LD I\II\IIHIIIIIIIIIIIIIIIIIIIIH

Sbjct TGAACGCG-AGCGATTTTGCACCGCGCT-CCGTGC CAGATGCAGCAACT

Query GATTGGTATTCTGG 2185

LELLE - LEEELL

Sbjct 409 GATTG--ATTCTGG 420

Score = 24.7 bits (26), Expect = 0.058
Identities = 15/16 (93%), Gaps = 0/16 (0%)
Strand=Plus/Minus

Query 2073 GGTTAATAACGCGCCA 2088

CLLLTLELELLLL 1]

Sbjct 235 GGTTAATAACGCGACA 220

Score. = 22.9 ‘bits (24), Expect = 0.20
Identities = 14/15 (93%), Gaps = 0/15 (0%)
Strand=Plus/Plus

Query 2278 GATTTCGCTAACGAA 2292

LLLLLELELTLL ]

Shice 111 GATCTCGCTAACGAA

Score = 21.1 bits (22), Expect 0. 71
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Plus

Query 329 TGCTGGAACAA 339

Sbjct 192 TGCTGGAACAA

Score = 21.1 bits (22), Expect 0.71
Identities = 13/14 (92%), Gaps = 0/14 (0%)
Strand=Plus/Minus

Query 1983 GCCCGTTATTAACC 1996

LETLELLLEL T

Sbjct 326 GCGCGTTATTAACC

>1cl|63089 NODE_2_length 282 cov_195.992905
Length=312

Score = 484 bits (536), Expect = 2e-140
Identities = 305/317 (96%), Gaps = 12/317 (3%)
Strand=Plus/Plus

Query 2174 TTGGTATTCTGGTGCGTGAGGCC-GGAAAAACCTTCAGTAACGCCATTGCCGAAGTG-CG

COLLERELLELELLLEL L] I||I|I]|I\II\IHII!IIHHIHIHII §

Sbjct 1 TTGGTATTCTGGTGCGTGAGGCCCGGAAAMACC! AGTAACGCCATTGCCGAAGTGGCG

Query CGAAGCGGTCGATTTTCTCCACTACTACGCCGGACAGGTGCGGGATGATTTCGCTAACGA

II!II\I LELELLELED LR LT

Sbjct CG-TCGATTTTCTCCACTACTACGCCGGACAGGTGCGGGATGATTTCGCTAACGA

Query AACCCACCGTCCATTAGGG-CCTGTGGTGTGTATCAGTCCGTGGAACTTCCCGCTGGCTA

CLLCLLELE LEELEELEL TLLL] II\IIiIll|lIIlIHIllIllII!IIII\II

Sbjct AACCCACCG-CCATTAGGGGCCTGTG-TGTGTATCAGTCCGTGGAACTTCCCGCTGGCT.

Query TTTTCACCGGGCAGATCGCCGCCGCACTGGCGGCAGGTAACA-GCGTGCTGGCAAAACCG

IiI|||||I||||Iil|i||!|||||ll| LELTELELTL |Iil|i||i|||||ll|

Sbjct TTTTCACCGGGCAGATCGCCGCCGCACTG--GGCAGGTAACAGGCGTGCTGGCAAAAC

Query GCAGAACAAACGCCGCTGATTGCCGCGCAA-GGGATCGCCATTTTGCTGGAAGCGGGTGT

I\II\II\IIFIIIIIIIIiIIiIIIIIII I\II\IHII[IIIIIIIHI]EIIIIII

Sbjct AACAAACGCCGCTGATTGCCGCGCAAGGGGATCGCCATTTTGCTGGARGCGGGT




Query 2469 ACCGCC--AGGCGTGGT 2483

[LLLLE TLLLELEL

Sbjct 296 ACCGCCAGAGGCGTGGT 312

Score = 26.5 bits (28), Expect = 0.012
Identities = 21/25 (84%), Gaps = 3/25 (12%)
Strand=Plus/Plus

Query 1867 GATCTCGCTAACGAA---CACCGCC 1888

LU LLLEEELEED L1

Sbjct 106 GATTTCGCTAACGAAACCCACCGCC 130

>1cl|63090 NODE_3_length 267_cov_206.041199
Length=297

Score = 428 bits (474), Expect le-123
Identities = 274/288 (95%), Gaps 13/288 (4%)
Strand=Plus/Plus

Query 3681 GTTAGTGAAGGCATTGCCATCGGCAGTCAGCGAACGTATTCAACTGGCGAAAGCGGAAAA

II[IIIIIFIIIIII ||\II\|I\IIJII\I|\IIFIHIIIIIII[IIIIIIIIIII[

Shict 2 GTTAGTGAAGGCATTTCCATCGGCAGTCAGCGAACGTATTCAACTGGCGAAAGCGG

Query T-ATAACCGCTCAACCG- TTTGATGCGGTGATCTTCCACGGTGATTCGGATCAGCTTCGC

L LELELEEEL LT EEEE EEEELE L DL IIFI]III

Sbjct TAATAACCGCTCAACCGTTTTGATGCGGTGATCTTCCACGGTGATTCGGAT-AGCTTCG

Query GCATTGTGTGAAGCAGTTGCCGCGCGGGATGGCACAATTGTTTCGGTGCAGGGTTTTGCC

LECLLULLLELCELEL L LOELEE LT

Sbjct GCATTGTGTGAAGCAGTTG-CGCGCGGGATGGCACAATTGTTTCGGTGCAGGGTTTTGCC

Query CGTGGCGAAAGCAATATCCTTCTGGA-~-ACGGCTGTATATCG-AGCGTTCGCTGAGTGTG

HIHII LETEERT LT SRR L LT ) ) ]

Sbjct CGTGGCG--AGCAATAT--TTCTGGAACACGGCTGTATATCGAAGCGTTCGCTGAGTGTG

Query AATACCGCTGCCGCTGGCGGTAACGCCAGCTTAATGACTATAGGTTAA 3963

LELLELELELELLL L] |II|II|!I|I|||J|I\|I\I|\IH

Shjct 236 AATACCGCTGCCGCTGGCG--AACG GCTTAATGACTATAGGTTAA 281

Score = 30.1 bits (32), Expect 0.001
Identities = 16/16 (100%), Gaps 0/16 (0%)
Strand=Plus/Plus

Query 1 ATGGGAACCACCACCA 16

LDLLELLLELELT L]

Sbjct 282 ATGGGAACCACCACCA 297

Score = 21.1 bits (22), Expect 0.49
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 2516 GCGCGCAACTG 2526

CLLELETLLL

Sbjct 144 GCGCGCAACTG 134

>1cl|63091 NODE_4_length_206_cov_205.684464
Length=236

Score = 340 bits (376), Expect 3e-97
Identities = 225/239 (94%), Gaps 13/239 (5%)
Strand=Plus/Plus

Query 1170 GCCGGAACTGG-CAGG-CTGGAACGGCATCGGTTTTGTTATT --CAGGCTTATCAAAAA-

IIIIIIIHI\ LELE LLLETLELLEE]  FEEELEELTL L]
TCAAAAAA

Sbjct 2 CGGAACTGGGCAGGTCTGGAACGGCATA~~-TTTTGTTATTTTCAGGCTTAT

Query -CGCTGCCCGTTGGTGATCGATTACCTGATTGA-TCT-CGCCACCCGCAGCCGTCGCCG-

COELELELELL LR DL L]

Sbjct ACGCTGCCCGTTGGTGATCGATTACCTGATTGAATCTTCGCCACCCGCAGCCGTCGCCGGE

Query TCTGATGATTCGCCTGGTGAAAGGCGCGTACTGGGATAGTGAAATTAAGCGTGCGCAGAT

LELELLTDLELELEE L ELEE L LT

Sbjct TCTGATGATTCGCCTGGTGAAAGGCGCGTACTGGGATAGTGAAATTAAGCGTGCGCAGAT




Query 1341 GGACGGCCTTGAAGGTTATCCGGTTTATACCCGCAAGGTGTATACCGACGTTTCTTATC 1399

LELLELEEERERE L L L FLL LT

Sbjct 180 GGACGGCCTTGAAGGTTATCCGGTTTATACCCGCAAGGTGTATAC--ACGTTTCTTATC 236

Score = 21.1 bits (22), Expect = 0.38
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Plus

Query 3879 TCTGGAACGGC 3889

LLLLLTLEL

Sbjct 18 TCTGGAACGGC

>1c1|63092 NODE_5_length 158 cov_201.348099
Length=188

Score = 293 bits (324), Expect 3e-83
Identities = 182/190 (95%), Gaps 4/190 (2%)
Strand=Plus/Minus

Query 584 AGTCACACATTGGTCGTAGCCCGTCACTGTTTGTTAATGCCGCCACCTGGGGGCTGCTGT

CLLLLLELL R LD L L] L

Sbjct 188 AGTCACACATTGGTCGTAGCCCGTCACTGTTTGTTAATGCCGCCACCTGGGGGCGTCTGT

Query 644 TTACTGGCAAACTGGTTTCCACCCATAACGAAGCCAGCCTCTCCCGCTCGCTGAACCGCA

LILELELTL IJIIHI\IIHIHIHI\II\IIIIIIIII!IIHIJIIJII]IIJI

Sbjct 128 TTACTGGCAAACTGGTTTCCACCCA CTCTCCCGCTCGCTGAACCGCA

Query 704 TTATCGGTAAAAGCGGTGAACCGCTGATCCG-CAAAGGTGTGGATATGGCGATGCGCC-T

Sbjct 68 ATCGGTAAAAG-GTAGAACCGCTGATCCGTCAAAGGTGTGGA-ATGGCGATGCGCCTT

Query GATGGGTGAG 771

Sbjet 10 GATGGGTGAG 1

>1cl| 63093 NODE_6_length_291_cov_199.041245
Length=321

Score = 524 bits (580), Expect 2e-152
Identities = 315/324 (97%), Gaps 7/324 (2%)
Strand=Plus/Plus

Query 2692 ACCGAACAGGTCGTCGTGGATGTACTGGCCTCGGCGTTCGACAGTGCGGGTCAGC-GTTG

|IIIIIHI\IIHI\II\IIJII\II\II COLELELELE LT ELE T

Sbjct 1 CGAACAGGTCGTCGTGGATGTACTGGCCGCGGCGTTCGACAGTGCGGGTCAGCCGTTG

Query TTCGGCGCTGCGCGTGCTGTGCCTGCAAGATGAGA-TTGCCGACCACACGTTGAAAATGC

I|II|Ii|Ii|IilI1|IHII| HI]II\II[ iIIIIIIIlI]IIlIIIII]II\I

Sbjct 61 TCGGCGCTGCGCGTGCTGTGCC-GCAAGATGAGAATTGCCGACCACACGTTGAAAAT!

Query 2810 TGCGCGGCGCAATGGCCGAATGCCGGATGGGTAATCCGGGTCGCCTGACCACCGATATCG

I|HIH|HHIIEIIFIHIIFII[IIIIII\II\II\IHIIIII\IIFIIFIIiII

Sbjet 120 GCGGCGCAATGGCCGAATGCCGGATGGGTAATCCGGGTCGCCTGACCACCGATATCG

Query 2870 GTCCAGTGATTGATAGCGAAGCGAAAGCCAATATTGAGCGCCATATTCAGACCATGCGTA

LELLLELLELEELUEL DL ELELEE DL TR L

Sbjct 180 GTCCAGTGATTGATAGC-AAGCGAAAGCCAATATTGAGCGCCCTATTCAGACCATGCGTA

Query 2930 GCAAAGGCCGTCCGGTGTTCCAGGCGGTGCGGGAAAACAGCGAAGATGCCCGTGAATGGC

I\IHII\IHIIIII[IIIII I|II|Ii|IilI\II\IHIHII!IIIII[IIIIII

Sbhject 239 GCCGTCCGGTGTTCCA-GCGGTGCGGGARAAACAGCGAAGATGCCCGTGAATGGC

Query 2990 AA--AGCGGCACCTTTGTCGCCCC 3011

[T LLELELELLEL L]

Sbjct 298 AAAGAGCGGCACCTTTGTCGCCCC 321

Score = 22.9 bits (24), Expect 0.15
Identities = 12/12 (100%), Gaps 0/12 (0%)
Strand=Plus/Minus

il 11711

Sbjct 181 ACCGATATCGGT 170

Score = 22.9 bits (24), Expect




Identities = 12/12 (100%), Gaps = 0/12 (0%)
Strand=Plus/Plus

Query 132 GGAAAACAGCGA 143

LLLLELELELL

Sbjct 269 GGAAAACAGCGA

>1cl| 63094 NODE_7_length_461_cov_209.563995
Length=491

Score = 690 bits (764), Expect = 0.0
Identities = 471/506 (93%), Gaps = 28/506 (5%)
Strand=Plus/Plus

Query 3027 GGATGACTTTGCCGAATTGCAAAAAGAGGTCTTTGGTCCGGTGCTGCAT-GTGGTGCGTT

ST AL e A 0 e L L R

Shjet 1 GGATGACTTTGCCGAATTCGAAAAAGAGGTCTT-GGTCCGCTGCTGCGCAGTGGTGCGTT

Query ACAACCGTAACCAGCTACCAGAGCTGATCGAGCAGATTAACGCTTCCGGTTA-TGGTCTG

II\IIlI LELLELELELEU LR DL L L LELEL L

Sbjct 60 ACAACCGTAACCAGCTACCAGAGCTGATCGAGCAGATTAACGGCTTCGGTTAATGGTCTG

Query 3145 ACGCTTGGCGTCCATACGCGCATTGA-TGAAACCATCGCCCAGGTC-ACTGGCTCGGCCC

PIE SODREL BLECE L, B D et DL k] LR E) e B L

Sbject 120 AC--TTGGCGTCCATACGCG--TTGAATGAAACCATCGCC-AGGTCCACTGGCTCGGC--

Query 3203 ATGTTGGTAACCTGTATGTTAA--CCGTAATATGGTGGGCGCAGTGGTTGGTGTGCAGCC

||\I|\I|\I|\|II||I1|I! !|I1IIWII1 I\II\II LLLLE LLLLELTLT

Sbjct 173 GGTAACCTG' AATATG-TGGGCGC-GTGGT-GGTGTGCAGCC

Query 3261 GTTCGGCGGCGAAGGGTTGTCCGGTACCGGGCCGAAAGCA-GGCGGTCCGCTCTATCTCT

|I\ll\IIHI\I]\IIiI|II|II|II|H|I\|I\II\ BLILLEICTT L D] L

Sbjct 230 GTTCGGCGGCGAAGGGTTGTCCGGTACCGGGCCGAAAGCAAGGCGGTCCGCTCTATCTCT

Query 3320 ACCGTCTGCTGGCGAATCGCCCGGAAAGTGCGCTGGCAGTGACGCTCGCGCGTCAGGATG

CELLLCELDECEET LT

Sbjct 290 ACCGTCTGCTGGCGAATCGCCCGGAAAGTGCGCTGGCAGTGACGCTCGCGCGTCAGGATG

Query 3380 CAAAGTATCCGGTCGATGCGCAGTTGAAAGCCGCATTGACTCAGCCGCTAAATGCACTGC

LI LLEL DL L LD L LT L

Sbjct 350 CAA---ATCCGGTCGATGCGCAGTTGAAAGCCGCATTGACTCAGC--CTAAATGCACTGC

Query 3440 GGGAAT-GGGCAGCAAATCGTCCAGAATTGCAGGCGTTATGTACGCAATATGGCGAGCT-

CELLEE LEELEELEEEEL LR L L LT LT ]

Sbjct 405 GGGAATGGGGCAGCAAATCGTCCAGAATTGCAGGCGTTATGTACGCAATATGGC-AGCTG

Query 3498 GGCGCAGGCAGGA--ACACAACGATT 3521

CELLERELERELT LT LT

Sbjct 464 GGCGCAGGCAGGAACACACAACGATT 489

Score = 21.1 bits (22), Expect = 0.82

Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

0/11

Query 238 GACTTTGCCGA 248

LELLELELLL ]

Shict 5 GACTTTGCCGA

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 787 GAAACCATCGC 797

\II\IIPIIII

Sbjct 144 GAAACCATCGC 154

>1cl| 63095 NODE_8_length 243 _cov_213.312759
Length=273

Score = 416 bits (460), Expect 6e-120
Identities = 264/277 (95%), Gaps 11/277 (3%)
Strand=Plus/Plus

Query 150 GCCGGAGCTACCTGCGCTGCTTTCTGGCGCGGCCAATGAGAGCGATGAAGCACCGACTCC

LUELELELEL L] ] |1H|[||i||[I||||IiIIilHII]II\II\II\II\II\

Shjct 1 GCCGGAGCTACCTGCGCTGCTTTCTGGCGCGGCCAATGAGAGCGATGAAGCACCGACTC




Query GGCAGAGGAACCACACCA--GCCATTCCTCGACTTTGCCGAGCAAATATTGCCCCAGTCG

LEERELELETERE L EEL DL LT

Sbjct GGCAGAGGAACCACACCAGCGCCATTCCTCGACTTTGCCGAGCAAATATTGCCCCAGTCG

Query GTTTCCCGCGCCGCGATCACCGCGGCCTATCGCCGCCCGGAAACCGAAGCGGTTTCTATG

LELELELELEEEE R TR L]

Sbjct GTTTCCCGCGCCGCGATCACCGCGGCCTATCGCCGC---GAAACC-CGGCGGTTTCTATG

Query CTGCT-GGAACAAGCCCGCCTGCCGCAGCCAGTTG-CTGAACAGGCGC-ACAAACTGGCG

LELLE LLELERE LT ] |I||II|I!|I1 [ITITLLL
AACAAACTGGCG

Sbjct CTGCTGGGAACAAGCCCGCCTGCCGCAGCCAGTTGCCTGAACA

Query TATCAGCTGGCCGATAAA-CTGCGT-AATCnnnnnnn 419

LCLELLEELELLELEEEL LELLEL TLELLTELTL
CAAAAAAA

Sbjct TATCAGCTGGCCGATAAACCTGCGTAAAT

Score = :21.1 bits (22)., Expect 0.45
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 146 CTCTGCCGGAG 156
LLELLLLLL

Sbjct 67 CTCTGCCGGAG 57

Score = 21.1 bits (22), Expect 0.45
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Plus

Query 3031 GACTTTGCCGA 3041

LELLLTELLL

Sbjct 21 GACTTTGCCGA 101

>1cl| 63096 NODE_9_length_98_cov_212.948975
Length=128

Score = 197 bits (218), Expect le-54
Identities = 121/125 (96%), Gaps = 3/125 (2%)
Strand=Plus/Plus

Query 462 GTTTTCGCTGTCATCGCAGGAAGGCGTGGCGCTGATGTGTCTGGC-GGAAGCGTTGTTGC

COLLEEELELTEE LT LD L]

Sbject 2 GTTTTCGCTGTCATCGCAGGAAGGCGTGGAGCTGATGTGTCTGGCGGGAAGCGTTGTTGC

Query GTATTCCCGACAAAGCCA-CCCGCGACGCG-TTAATTCGCGACAAAATCAGCAACGGTAA

LOLLELELELER L EELEET L DL L]

Sbjct 62 GTATTCCCGACAAAGCCACCCCGCGACGCGTTTAATTCGCGACAAAATCAGCAACGGTAA

Query 579 CTGGC 583

1111
Sbjct 122 CTGGC 126

>1c1|63097 NODE_10_length_148_cov_229.418915
Length=178

Score = 300 bits (332), Expect 2e-85
Identities = 178/182 (97%), Gaps 4/182 (2%)
Strand=Plus/Plus

Query 831 GAAAGGTTTCCGTTACTCTTACGATATGCTGGGCGAAGCCGCGCTGACCGCCGCAGATGC

CELLLERELELEEE LD EEEE L LT

Sbject 1 GAAAGGTTTCCGTTACTCTTACGATATGCTGGGCGAAGCCGCGCTGACCGCCGCAGATGC
Query ACAGGCGTATATGGTTTCCTATCAGCAGGCGATTCACGCCATCGGTAAAGCGTCTAACGG
sbict AbAG-LbPAAR ML AEAC A AL A A AR
Query TCGTGGCATCTATGAAGGGCCGGGCATTTCAATCAAACTGTCGGCGCTGCATCCGCGTTA
sbict HEGTCAEAG AMAACGCESAEATTCARTAAACR ST LA
Query TA 1012

Sbjct 177 TA 178

Score = 21.1 bits (22), Expect 0.29
Identities = 11/11 (100%), Gaps 0/11 (0%)




Strand=Plus/Plus

Query 101 AGCAGGCGATT 111

[LLLELELT]

Sbjct 83 AGCAGGCGATT 93

>1c1|63098 NODE_11_length_76_cov_221.750000
Length=106

Score = 156 bits (172), Expect 3e-42
Identities = 101/106 (95%), Gaps 5/106 (4%)
Strand=Plus/Plus

Query 1026 TGACCGGGTAATGGAAGAGCTTTACCCGCGTCTGAAATCACTCACCCTGCTGGCGCGTCA

I\|I\IHIHIIHIEIIEIHIIHHIIIIII\II\IHII\IIHI\IHIHII[

Sbjct 4 ACCGGGTAATGGAAGAGCTTTACCCGCGTCTGAAATCACTCACCCTGCTGGCGCGTCA

Query 1086 GTACGATATTGGTATCAAC-ATTGACGCCGAAGAGTCCGA-TCGCC 1129

LREEDRLLT "I PR VEEET BEERIALRL JLEE] ELL)

Sbjct 64 GTACGATAT--GTATCAACGATTGACGCCGAAGA-TCCGATTCGCC 106

>1c1|63099 NODE_12_length 62_cov_208.145157
Length=92

Score = 129 bits (142), Expect = 4e-34
Identities = 89/94 (94%), Gaps = 5/94 (5%)
Strand=Plus/Minus

Query 3611 TGACTCAG-CTCGCCGCCGTGCTGGCGGTGGGC-AGCCAGGTACTGTGGCCGGATGACGC

LECLLCLL LLCELEE LD UL II\II\II

Shkjct 92 TGACTCAGTCTCGCCGCCGTGCTGGCGGTGGGCGAGCCAGGTACTGTGGCC-GATG

Query 3669 G-CTGCATCGTCAGTTAGTGAAGGCATTGCCATC 3701

l IHIHIIIIIFIIII LLLLELLELLELTT

Sbjct 33 CCTGCATCGTCAGTTAG-GAAGGCATTGCCATC 1

0.14
0/11 (0%)

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Minus

Query 1547 TGGGCGAGCCA 1557

[LLLELELLT]

Sbjct 64 TGGGCGAGCCA

Score = 21.1 bits (22), Expect 0.14
Identities = 11/11 (100%), Gaps 0/11 (0%)
Strand=Plus/Minus

Query 1418 TGCTGGCGGTG 1428

LLLLELELEL

Sbjct 73 TGCTGGCGGTG

>1cl|63100 NODE_13_length_73_cov_221.095886
Length=103

Score = 187 bits (206), Expect = 2e-51
Identities = 103/103 (100%), Gaps = 0/103 (0%)
Strand=Plus/Plus

Query 1565 AGCAGGTCACCGGGAAAGTTGCCGACGGCAAACTTAACCGTCCGTGTCGTATTTATGCTC

CELULELETCLEEL L LT LT

Sbjet A AGCAGGTCACCGGGAAAGTTGCCGACGGCAAACTTAACCGTCCGTGTCGTATTTATGCTC

Query 1625 CGGTTGGCACACATGAAACGCTGTTGGCGTATCTGGTGCGTCG 1667

|lI||||I||Iilli|I]|I\IIiIIJIIJIHIHIIIIIH

Sbjct 61 GGTTGGCACACATGAAACGCTGTTGGCGTATCTGGTGCGTCG 103

>1cl|63101 NODE_15_length 142 cov_198.697189
Length=172

Score = 239 bits (264), Expect = 6e-67

Identities = 164/177 (92%), Gaps
Strand=Plus/Minus

11/177 (6%)

1085

63

1624
60




Query AACTGACGGG-TGATGATCGCGTG--CGCGGGGTGATGTTTACCGGTTCAACCGAAGTCG

IIIIIIIHI LLELETELELLT |||IIIIII\II\IIHIEIIHHIHIHIII

Sbjct GACGGGGTGATGATCGCGTGTGCGCCGGGTGATGTTTACCGGTTCAACCG

Query CTACGTTACTGCAGCG-CAATATCGCCAGCCGCCTGGACGCTCAGGGTCGCCCTATTCCG

LLLLLEEELELEEEL LT LELE LT LT

Sbjct C-ACGTTACTGCAGCGACAATATCGCCAGCCGCCTGGACGCTCAGGGTCGCCCTATTCGA 54

Query CTCATCGCTGAAACCGGCGGCATG--AACGCGATGATTGTCGATTCTTCAGCACTGA 2692

A1 01 2 R W

Shict: 53 CTCATCGCTGAAACC--CGGCATGTGAACGCGATGATTGTCGATTCT--AGCACTGA 1

>1cl1|63102 NODE_16_length_65_cov_216.415390
Length=95

Score = 114 bits (126), Expect = 8e-30
Identities = 86/97 (88%), Gaps = 7/97 (7%)
Strand=Plus/Plus

Query 1502 AGAACTACTACCCGGGTCAGTACG--AGTTCCAGTGCCTGCATGGTATGGGC--GAGCCA 1557

I\II\II\IIHIIIIIHIJII] LEEL ELELELEERELEE LT T

Sbjet 1 AGAACTACTACCCGGGTCAGTACGTACGTTC-~-GTGCCTGCATGGTATGGGCGAGAGCCA 58

Query CTGTATG-AGCAGGTCACCGGGAAAGTTGCCGACGGC 1593

MBI L EEVLERE | L UTERCLLL R ] |

Sbjct 59 CTGTATGAAGCAGGTCCCGGGAAAAGTTGCCGACGGC 95

>1cl|63103 NODE_17_length 101_cov_213.732666
Length=131

Score = 185 bits (204), Expect 8e-51
Identities = 126/136 (92%), Gaps 8/136 (5%)
Strand=Plus/Plus

Query 1638 TGAAACGCTGTTGGCGTATCTGGTGCGTCGC--CTGCTGGAAAACGGTGCTAACACCTCG

IIHI\IHIHIIIIII\ 10 1 ) e O A IHIHI

Sbject 1 AAACGCTGTTGGCGTAT - -GGTGCGTGCCTGCTGCTGGAAAACGGTGC--ACACC

Query TTTGTTAACCGTATTGCCGACACCTCTTTGCCACTGGATGAACTGGTC-GCCGATCCGGT

CELCELELELLEL DL LT LT

Sbjct TTTGTTAACCGTATTGCCGACACCTCTTTGCCACTGGATGAACTGGTCGGCCGATCCGGT

Query CACTGCTGTAGAAAAA 1770

LELLELEEELETTLT]
AAAAA

Sbjct 116 CACTGCTGTAG

Score = 24.7 bits (26), Expect = 0.017
Identities = 16/18 (88%), Gaps = 0/18 (0%)
Strand=Plus/Plus

Query 3212 ACCTGTATGTTAACCGTA 3229

LLEE L LT

Sbjet 51 ACCTCTTTGTTAACCGTA 68

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps =
Strand=Plus/Plus

Query 326 TGCTGCTGGAA 336

Sbjct 30 TGCTGCTGGAA

Score = 21.1 bits (22), Expect
Identities = 11/11 (100%), Gaps
Strand=Plus/Plus

Query 1147 CTGCTGGAAAA

LLELELELTT

Sbjct 32 CTGCTGGAAAA




APPENDIX E

METASIM “EXACT” EXCERPT

>rl.1 |SOURCES={KEY=0£5d3d4b...,fw,2703-3330) |ERRORS={)} |SOURCE_l="eco:b1014 putA,
ECK1005, Jw0999, poaA, putC; fused DNA-binding transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8 1.5.1.12); K0029%94 1-
pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline dehydrogenase
[EC:1.5.99.8] (N)" (0£5d3d4b481b65ch949b9¢c3998839ebd73b6ab4l)
gtcgtggatgtactggcctecggegttecgacagtgegggtcagegttgtteggegetgegegtget
gtgcctgcaagatgagattgccgaccacacgttgaaaatgetgecgeggegcaatggeccgaatgee
ggatgggtaatccgggtcgectgaccaccgatatcggtccagtgattgatagecgaagegaaagec
aatattgagcgccatattcagaccatgcgtagcaaaggccgtceccggtgttccaggeggtgeggga
aaacagcgaagatgcccgtgaatggcaaagcggcacctttgtegecccgacgectgatcgaactgg
atgactttgccgaattgcaaaaagaggtctttggtcecggtgectgcatgtggtgegttacaaccgt
aaccagctaccagagctgatcgagcagattaacgctteccggttatggtectgacgettggegteca
tacgcgcattgatgaaaccatcgcccaggtcactggecteggeccatgttggtaacctgtatgtta
accgtaatatggtgggcgcagtggttggtgtgcagecgttcggeggegaagggttgtececggtace
gggccgaaagcaggcggtccgetetatetectaccgtetgetyg

>r2.1 |SOURCES={KEY=0£5d3d4b...,fw,2534-3180} | ERRORS={} |SOURCE_l="eco:11014 putA,
ECK1005, Jw0999, poaA, putC; fused DNA-binding transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 1-
pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline dehydrogenase
[EC:1.5.99.8] (N)" (0£5d3d4b481b65ch949b9c3998839ebd73b6ab4l)
tgatcgecgtgcgeggggtgatgtttaccggttcaaccgaagtcgetacgttactgcagegcaata
tcgecagecgectggacgetcagggtegecctattecgetecategetgaaaccggeggcatgaac
gcgatgattgtcgattcttcagcactgaccgaacaggtegtegtggatgtactggectcggegtt
cgacagtgcgggtcagegttgtteggegetgegegtgetgtgectgcaagatgagattgecgacce
acacgttgaaaatgctgecgecggecgcaatggeccgaatgecggatgggtaatecegggtegectgace
accgatatcggtccagtgattgatagcgaagcgaaagccaatattgagegecatattcagaccat
gcgtagcaaaggccgtecggtgtteccaggeggtgecgggaaaacagecgaagatgeccgtgaatgge
aaagcggcacctttgtecgecececcgacgetgatecgaactggatgactttgecgaattgcaaaaagag
gtctttggteccggtgctgecatgtggtgegttacaaccgtaaccagetaccagagectgatcgageca
gattaacgcttcecggttatggtctgacgettggegtccatacgegecattgatgaaaccate

>r3.1 |SOURCES={KEY=0£f5d3d4b...,fw,163-820) |ERRORS=(}|SOURCE_l="eco:b1014 putA, ECK1005,
JW0999, poaA, putC; fused DNA-binding transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 1-
pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline dehydrogenase
[EC:1.5.99.8] (N)" (0£5d43d4b481b65ch9249b9¢c3998839ebd73b6ab4l)
cgctgetttectggegecggeccaatgagagecgatgaagcaccgacteccggcagaggaaccacaccag

ccattecctecgactttgeccgagcaaatattgecccagteggtiteccgegeecgegatcacegegge




ctatcgecgeccggaaaccgaageggtttetatgetgetggaacaageccgectgecgecagecag
ttgctgaacaggcgcacaaactggegtatcagectggecgataaactgegtaatcaaaaaaatgee
agtggtcgcgcaggtatggtccaggggttattgecaggagttttegetgtecategecaggaaggegt
ggcgctgatgtgtctggecggaagegttgttgegtattceccgacaaagecacccgegacgegttaa
ttcgcgacaaaatcagcaacggtaactggcagtcacacattggtegtageccecgtcactgtttgtt
aatgccgccacctgggggctgectgtttactggcaaactggtttccaceccataacgaagccagect
ctccegetegetgaaccgecattatcggtaaaageggtgaacegetgatecgecaaaggtgtggata
tggcgatgcgecctgatgggtgagcagttegtcactggecgaaaccatcgeggaagegttagecaat

gcecgea

>r4.1 |SOURCES={KEY=0£5d3d4b..., fw,3344-3963;KEY=0£5d3d4b..., fw,0-

40} |ERRORS={} | SOURCE_l="eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding
transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase
(EC:1.5.99.8 1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12]
K00318 proline dehydrogenase [EC:1.5.99.8] (N)"
(0£5d3d4b481b65cb949b9c3998839ebd73b6abdl)
aagtgcgctggcagtgacgetegegegtcaggatgcaaagtateccggtegatgegecagttgaaag

ccgeattgactecagecgetaaatgcactgecgggaatgggecagecaaategtecagaattgcaggeyg

ttatgtacgcaatatggcgagctggegecaggcaggaacacaacgattgctgeccggggecgacggyg

tgaacgcaacacctggacgctgectgecgegtgagegegtgttgtgtattgecgatgatgagecagg
atgcgcectgactcagetegecgecgtgetggeggtgggecagecaggtactgtggeecggatgacgeyg
ctgcatcgtcagttagtgaaggcattgeccatcggcagtcagecgaacgtattcaactggecgaaage
ggaaaatataaccgctcaaccgtttgatgecggtgatecttccacggtgattcggatcagecttegeg
cattgtgtgaagcagttgccgcgegggatggcacaattgttteggtgcagggttttgecegtgge
gaaagcaatatccttctggaacggctgtatatcgagegttegetgagtgtgaataccgetgecge
tggcggtaacgccagcttaatgactataggttaaatgggaaccaccaccatgggggttaagetgg

acgacgcga

>r5.1 |SOURCES={KEY=0£5d3d4b..., fw,3400-3963;KEY=0£5d3d4b. .., fw,0-

118} | ERRORS={} | SOURCE_1l="eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding
transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase
(EC:1.5.99.8 1.5.1.12); K00294 1-pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12]
K00318 proline dehydrogenase [EC:1.5.99.8] (N)"
(0£5d3d4b481b65¢cb949b9c3998839%ebd73bbabdl)
agttgaaagccgcattgactcagccgectaaatgcactgegggaatgggcagcaaatcgteccagaa
ttgcaggcgttatgtacgcaatatggcgagctggecgcaggcaggaacacaacgattgctgecggg
gccgacgggtgaacgcaacacctggacgetgetgecgegtgagegegtgttgtgtattgecgatg
atgagcaggatgcgctgactcagctcgecgecgtgetggeggtgggecagecaggtactgtggecg
gatgacgcegcetgcatcgtcagttagtgaaggcattgeccateggcagtcagegaacgtattcaact
ggcgaaagcggaaaatataaccgctcaaccgtttgatgeggtgatecttecacggtgatteggate
agcttcgcgcattgtgtgaagcagttgccgegecgggatggcacaattgtttecggtgecagggtttt
gcecgtggcgaaagcaatatecttctggaacggectgtatatcgagegttegetgagtgtgaatac

Eaeed




APPENDIX F

METASIM 454 EXCERPT

>rl.1 |SOURCES={KEY=0f£5d3d4b...,fw,1824-
2078}|ERRORS={22_1:T,38_1:T,57_1:G,72_1:G,89_1:T,119_1:T,153_1:G,206_1:A)|SOURCE_1:“eco:b
1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding transcriptional
regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8
1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline
dehydrogenase [EC:1.5.99.8] (N)" (0f5d3d4b481b65cb%949b9c3998839%ebd73bbabdl)
cgegatcectttacggtecacgggegTegacaactcggcagggTetggatetegetaacgaacGaceg
cctggectegeGtetectetgeectgetcTaatagtgcactgcaaaaatggcaggecttgTecaa
tgctggaacaaccggtagecggcaggtgagaGtgtegecegttattaaccctgecggaaccgaaaga
tattgtgggctatgtgcgtAgaagccacgecgegtgaagtagaacaggcgetggaaagtgeggtt

aa

>r2.1 |SOURCES={KEY=0£5d3d4b...,fw,2006-2253}|ERRORS={18_1:G,59:-,77_1:G,151_1:G,154:~
} | SOURCE_l1="eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-binding
transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase
(EC:1.5.99.8 1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12]
K00318 proline dehydrogenase [EC:1.5.99.8] (N)"
(0£5d3d4b481b65cb949b9¢3998839ebd73bb6abdl)
gaaagatattgtgggctatGgtgecgtgaageccacgececgegtgaagtagaacaggegetggaagtyg
cggttaataacgcGgccaatctggtttgeccacgectecggectgaacgegecagegattttgecaceg
cgctgcecgtgectgatggaaagecGagtgcagcaactgattggtattectggtgecgtgaggecggaa
aaaccttcagtaacgccattgccgaagtgcgecgaagecggtcgattttctecac

>r3.1 |SOURCES={KEY=0f5d3d4b...,fw,3721-3963;KEY=0£5d3d4b..., fw,0-

16) |ERRORS={18_1:C,26_1:A,95_1:C,134_1:A,139_1:C,168_1:A,190:-
,200_1:T,228_1:C,243_1:C)} |SOURCE_l="eco:bl1014 putA, ECK1005, JW0999, poaA, putC; fused
DNA-binding transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate
dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase
[EC:1.5.1.12] K00318 proline dehydrogenase [EC:1.5.99.8] (N)"
(0£5d3d4b481b65ch94909c3998839ebd73b6abdl)
aactggcgaaagcggaaaaCtataaccgActcaaccgtttgatgeggtgatettecacggtgatt
cggatcagecttecgegeattgtgtgaagcagttgCecgegegggatggcacaattgttteggtgea
gggttttgAccegtCggecgaaagcaatateccttetggaacggetAgtatatecgagegttegetga
ggtgaataccgTctgccgetggeggtaacgeccagettaatCgactataggttaaatCgggaacca

ccacca

>r4.1 |SOURCES={KEY=0£5d3d4b. .., fw,1209-1469} |ERRORS={20:-,40_1:C,44_1:C,175:-,198:-
,209_1:A,237_1:T)}|SOURCE_l="eco:b1014 putA, ECK1005, JW0999, poaA, putC; fused DNA-
binding transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate

dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 l-pyrroline-5-carboxylate dehydrogenase




[EC:1.5.1.12] KO00318 proline dehydrogenase [EC:1.5.99.8] (N)*"
(0£5d3d4b481b65cb949b9¢c3998839ebd73b6ab4l)
caggcttatcaaaaacgctgccgttggtgatcgattacctCgattCgatctecgeccacccgcagce
gtcgcegtectgatgattcgectggtgaaaggegegtactgggatagtgaaattaagegtgegecag
atggacggccttgaaggttatcecggtttatacccgcaaggtgtatacgacgtttettatectegee
tgtcgaaaaagctgActggcggtgecgaatctaatctaccegeTagttcgecgacgcacaacgcce

a

*r5ul |SOURCES={KEY=Df5d3d4b...,fw,l985—2239)|ERRORS:{13_1:A,26:—,49_1:A,139_1:T,251:—
} | SOURCE_1="eco:b1014 putA, ECK1005, JW0999, poahA, putC; fused DNA-binding
transcriptional regulator/proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase
(EC:1.5.99.8 1.5.1.12); K00294 1l-pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12]
K00318 proline dehydrogenase [EC:1.5.99.8] (N)"
(0£5d3d4b481b65cb949b9c3998839ebd73b6abdl)
cgttattaaccctgAcggaaccgaaagtattgtgggetatgtgegtgaagAccacgecgegtgaa
gtagaacaggcgctggaaagtgcggttaataacgcgecaatctggtttgecacgecteceggetga
acgcgcagcgaTttttgcaccgegetgecgtgetgatggaaageccagatgecagcaactgattggt
attctggtgcgtgaggccggaaaaaccttcagtaacgccattgecgaagtgegegaaggg

>r6.1 |SOURCES={KEY=0f5d3d4b...,bw,1905-

2155} |ERRORS={2_1:A,24_1:T,44 1:T,89_1:A,95_1:T,203_1:C,205_1:T}|SOURCE_l1="eco:b1014

putA, ECK1005, JW0999, poaA, putC; fused DNA-binding transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 1-
pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline dehydrogenase
[EC:1.5.99.8] (N)" (0£5d3d4b481b65ch949b9c3998839ebd73b6abdl)
TTTACCATCAGCACGGCAGCGCGGTGTCAAAATCGCTGCGCGTTCAGTCCGGAGGCGTGGCAAAC
CAGATTGGCGCGTTATTAACCGCACTTTACCAGCGTCCTGTTCTACTTCACGCGGCGTGGCTTCA
CGCACATAGCCCACAATATCTTTCGGTTCCGCAGGGTTAATAACGGGCGACATCTCACCTGCCGC
TACCGGTTGTTCCACGCTATTGGCAAGGCCTGCCATTTTTGCAGTGCACTATTGAGCAGGGC

>r7.1 |SOURCES={KEY=0£5d3d4b...,bw,566~

822} | ERRORS={22_1:A,52_1:A,86_1:C,90_1:T,176_1:A,216_1:G,230_1:C}|SOURCE_1="eco:b1014
puthA, ECK1005, Jw0999, poaA, putC; fused DNA-binding transcriptional regulator/proline
dehydrogenase/pyrroline-5-carboxylate dehydrogenase (EC:1.5.99.8 1.5.1.12); K00294 1-
pyrroline-5-carboxylate dehydrogenase [EC:1.5.1.12] K00318 proline dehydrogenase
[EC:1.5.99.8] (N)" (0£5d3d4b481b65ch949b9c3998839ebd73b6abdl)
CTTGCGGGCATTGGCTAACGCTTACCGCGATGGTTTCGCCAGTGACGAACTGCTACACCCATCAG
GCGCATCGCCATATCCACACCTTTCGCGGTATCAGCGGTTCACCGCTTTTACCGATAATGCGGTT
CAGCGAGCGGGAGAGGCTGGCTTCGTTATGGGTGGAAACCAGTTTGCCAGTAAAACAGCAGCCCC
CAGGTGGCGGCATTAACAAACAGTGACGGGGCTACGACCAATCGTGTGACTGCCAGTTACCGTTG

CTG

[aint
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