Contents

1.0 Cecile 454 Data ANalYSIS: SUMMAIY ...ceuiuneiiiieiieiieeie e etie et e et eaneeteeneeaneenerneeaneenneenaees 2
00 R | =1 1 4 To o O OO PPSURURPNt 3
A B T | - N0 U o - PPt 3
1.3 Extraction of FASTA & Quality files from Sff fileS......ccuovenieiini e, 3
1.4  Quality Control and @SSESSMENT. .......uiu ittt e e e e e e e et e et et e s eneaaeneaeneananns 3
1.5 Read alignment and MaAPPING .. ... evneeneineieie ettt e et e e et e e ea e e eae e e s e s esneaneanesnesnnas 4
1.6 Sequence similarity search for unmapped CONLIGS ....cvuvvniriireiieieieeeee e 4
2.0 RESUIS: oottt ettt aaaaas 5
2.0.1  QUALIEY CONIIOL: o.eneieitie et e e e e e et e e et e e et e et e et a e aaanan 5
2.0.2  Pool 1 guality CONtrOl QUIDULS: .. ..veieeie et e e e e e e eaeanas 5
2.0.3  Pool 2 guality CONtrOl QULDULS: .. ..eveieeie e e e e e e et e e e aaeanas 7
2.0.4  Pool_3 quality CONtrol QUIPULS: ......uieiieeieie e e e e e e ae e ans 8
2.1 Read alignment and MaPDiNg . ....ueeneeneineineieteieteeerereenereanererernernernererernerererasnns 10
2.1.1  Reference mapping assembBIY ... ....ooniiiiiiiiii e 10
2.1.2  CecCile_po0ol_1 MaPPINg: .. ceuneeeieiie ittt et 10
2.1.3  CecCile_p0o0l_2 MapPPINg: .. ceuueeiieiie et 13
2.1.4  CecCile_po0l_3 MapPiNg: .. ceuu ittt aa s 16
2.2 Single nucleotide polYMOIPRISM ...ouniie e e e e e e e 19
2.3 De novo assembly of unmapped FEAAS ... ..uevniiniiniieieie et ee e e a e e aaas 19
2.4 Database similarity searches using UnmappPed CONLIGS ... .cvuernrrneineieieieieieieieeeeernerneanns 21




1.0

Cecile 454 Data Analysis: Summary

We have analyzed Roche 454 sequence data derived from the mitochondrial genome
sequence and assembled it using a GenBank reference sequence (AJ973190) derived from
Glomus intraradices, a species of arbuscular mycorrhizal fungus.

In silico analysis of 255,966 raw reads was done using two approaches: reference sequence
mapping to mtLSU rRNA (AJ973190) and de novo sequence assembly. The mtLSU rRNA
(AJ973190: 1..40,1097..1459,1861..2607) reference sequence used in this analysis is 2,607
bps in length and is interrupted by two introns located at position: 41..1096 and 1460..1860.

Quality assessment and quality control of the raw reads: quality control involved adapter
trimming preceded by conversion of the .sff file to FASTQ (positional quality scores of the
sequenced reads) format.

Quality control involved trimming of the multiplex identifier or MID (a short barcode
sequence used to label samples when multiplexing) and the linker sequence (used to link the
amplicon primer together with the MID sequence) to allow efficient mapping to the
reference sequence. The combined length of the MID and linker was 36 bps and can cause
problems in mapping.

Assembly/Mapping of the amplicons: de novo assembly is a pre-requisite to create longer
contiguous sequences out of the relatively short reads that are on average 350-400 bps long.
Several algorithms have been developed for mapping short read data such as illumina and
ABI SOLID data but they are not useful for handling 454/Roche reads. In this analysis, we
used both open source MIRA (Mimicking Intelligent Read Assembly) Chevreux et al.
(2004) and CLC Genomics Workbench, a commercial package, to assemble the amplicons.

We successfully mapped 58.5% (149,654) of the sequenced reads to the reference sequence
out of which 75,754 reads were in forward orientation and 73,900 reads were in the reverse
orientation.

The remaining 41.5% (106,312) of the reads did not map to the reference sequence and
were assembled using a de novo approach. De novo assembly of the unmapped reads
generated 248 contigs with an N50 of 418 (computed to estimate the quality of the
assembly) and the longest contig was 1,219 base pairs (Table 2.24). To investigate the
features of the contigs, we searched (BLAST) them against public databases.

Coverage per amplicon and per MID was heterogeneous and between 0 and 15,264 (mean
7,276.404) for pool one, 2 and 10,217 (mean 3,211.616) for pool two, and between 0 and
10,141 (mean 3,925.497) for pool three. This heterogeneity (or 'spread factor’) can be
attributed to differences in PCR efficiency and suboptimal pooling of samples.

The total coverage of the reference sequence by the reads was 99.9% while the no coverage
(zero-coverage) regions were 2 (see tables 2.11, 2.16 and 2.22). One of the zero-coverage
regions (2..999) overlaps the intron position (41..1096) of the mtLSU rRNA gene.

The attached file (454Reads.MID_trimmed_coverage_of the refseq.pdf) depicts regions of
the short reads that are deleted and those that are highly (amplified) covered relative to the
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reference sequence with annotations (colored arrows). Trimmed reads were merged and
mapped on to the reference sequence to identify the zero-coverage regions and the overall
distribution of coverage (see table 2.23).

Detecting variation in the mapped data: The possible differences between the sequenced
reads in each pool and the reference template along with their position relative to the
reference template were determined by alignment to mtLSU rRNA reference sequence (see
attached excel spreadsheet: merged SNP_list_from_pool 1 to pool 3.xls).

Comparison between assembled reads and the NCBI mtLSU rRNA sequence (AJ973190)
identified structural differences that could be structural varioations, misassemblies or
sequencing errors. Transversion (A/C, A/T, C/G and G/T) mutations were the most abundant
compared to transitions (A/G and C/T).

Consensus sequences were independently generated for each pool and used for database
similarity searches (see attached files: consensus pool 1.fasta, consensus_pool_2.fasta,
consensus_pool_3.fasta and consensus_sequence_merged_pool1-3.fasta). We additionally
generated a 2, 607 bps consensus sequence from the three pools (1-3) and used it to search
the GenBank for homologs (see section 2.4).

The consensus sequences of the reads were compared to the GenBank (BLAST) and to the
reference sequence in order to build a picture of the structure of the mtLSU rRNA gene, as
well as ascertain the species distribution of the closest homologs and improve annotation.
The alignment of the reads to the reference sequence is included in the datasets folder:

i) alignment_file_of the reads_to_refseq.pdf

ii) partial_5_prime_alignment_file_of the reads to_refseq.pdf.

The read colors are green (forward) and red (reverse) by default. The most plausible
explanation for the gaps in the alignment files can be attributed to the high coverage. If you
have high coverage in your mapping, you will often find a lot of gaps in the consensus
sequence.

Methods

Data source

Data was generated in three pools with different tags (MID) and each pool was preprocessed
separately followed by merging of the results:

Cecile_pool_1 consisting of 12 sequences

Cecile_pool_2 consisting of 12 sequences

Cecile_pool_3 consisting of 10 sequences

Extraction of FASTA & Quality files from sff files

An automated sff_extract perl script was used to convert sff files in each pool to fastq and fasta
+ quality files.

Quality Control and assessment

Biases in NGS data occurs due to inconsistencies in the quality of reads such as length, quality
scores and base distribution. Hence, the raw 454 sequence reads were quality checked using the
FastQC program in order to assess the quality of the data and to filter low quality reads
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(Barbraham-Bioinformatics, 2009). FastQC is a java program that aims to provide simple ways
of doing quality control checks to validate the raw sequenced data and ensures the raw data
carries no biases which may affect its usefulness. As a pre-requisite, the adapter sequences and
MID tags were trimmed from the raw data using a custom PERL script. The procedure was
validated using CLC Genomics Workbench, a commercial software suite for processing NGS
data.

Trim settings

» Removal of low quality sequence. (limit = 0.05).

« Removal of ambigious nucleotides: maximal 2 nucleotides allowed.

» Removal of terminal nucleotides: 1 nucleotide from the 5' end and 1 nucleotide from the 3'
end.

» Removal of adapter sequences, using the following adapters:

# 454 Sequence Primer A (CGTATCGCCTCCCTCGCGCCATCAG), strand = Plus, action
Remove adapter, score = [3, 2, 15,2]

# 454 Sequence Primer B (CTATGCGCCTTGCCAGCCCGCTCAGQG), strand = Minus, action
Remove adapter, score = [3, 2, 15,2]

Read alignment and mapping

i) Reference Mapping assembly

The reads were aligned to the reference sequence mtLSU(AJ973190; length 2,607bps) using
CLC Genomics Workbench and inGAP pipeline. The mtLSU rRNA reference sequence has
three exons separated by two introns (1..40, 1097..1459, 1861..2607).

ii) De novo assembly of the unmapped reads
Contigs were assembled from unaligned reads using CLC Genomics Workbench followed by
mapping back of each read onto the assembled contigs.

Sequence similarity search for unmapped contigs

The contigs generated from the unaligned reads were further screened against the GenBank
non-redundant (NR) using BLASTN search algorithm with a criterion imposed at a cut-off
expectation value (e-value) of 1le-5. The aim of a BLAST search was to to further characterise
contigs as either unique to the source organism (Glomus intraradices ??) or as sequencing error.
Contigs that did not have a match to any database sequence were classified as species-specific.




2.0

Results:

2.0.1 Quality Control:

The quality control procedure was undertaken to assess properties of the reads such as length,
quality scores and base distribution in order to retain high quality reads for downstream
assembly or mapping. Input to these tools was sequence data in FASTQ format. The average
read length was between 320-400 bps long following trimming.

2.0.2 Pool 1 quality control outputs:

FASTQC and CLC genomics workbench were used to remove or trim primer/adaptor
contaminants as well as trim poor quality bases (Table 2.1-2.6).

Table 2.1: Trim Summary for pool 1:

Name Number of reads Avg length Number of Percentage trimmed
reads after trim
454Reads MID1 797 3705 7,891 99%
(single)
454Reads.MID10 1,309 4722 1,278 97.63%
(single)
454Reads.MID11 3 306.3 3 100%
(single)
454Reads.MID12 3,016 4545 2,979 98.77%
(single)
454Reads.MID2 6,433 345.1 6,402 99.52%
(single)
454Reads.MID3 18,126 365.3 17,998 99.29%
(single)
454Reads.MID4 9,313 336.8 9,221 99.01%
(single)
454Reads.MID3 15,043 3429 14,967 99.49%
(single)
454Reads.MIDG 23970 388.5 23,749 99.08%
(single)
454Reads.MID7 9,398 468.4 9,231 98.22%
(single)
454Reads.MID8 18,064 353.5 17,938 99.3%
(single)
454Reads.MID9 336 483.7 921 97.2%
(single)
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Figure 2.1. Read length before and after trimming

Below is a table with summary statistics for trimming of poor quality reads in pool 1.

Table 2.2: Pool 1 detailed trimming results

Trim Input reads No trim Trimmed Nothing left

or Discarded
Trim on quality 113,182 234 112,948 0
Ambiguity trim 113,182 18,176 94,002 1,004
Trim ends 12,178 0 112,178 0
Adapter trimming 112,178 193 111,985 0




2.0.3 Pool 2 quality control outputs:

Table 2.3: Trim Summary statistics for pool 2:

MName MNumber of reads Avg length Number of Percentage trimmed
reads after trim
434Reads MID1 5,828 400.5 B,T60 99.23%
(single)
454Reads MID10 762 491.0 751 98.56%
(single)
454Reads. MID11 1,027 5343 992 96.59%
(single)
434Reads MID12 792 472.8 782 95.74%
(zingle)
454Reads MID2 3,381 3916 3,343 99 46%
(single)
454Reads MID3 18,782 419.2 18,578 95.91%
(single)
454Reads MID4 16,572 4420 16,298 95.35%
(single)
434Reads MIDS 4,661 4245 4 607 95.84%
(single)
454Reads MIDE 3,882 381.5 3,655 99.27%
(single)
454Reads MIDT 5,846 458.1 5,755 95.44%
(single)
454Reads MIDE 12,582 4214 12,437 95.85%
(single)
454Reads MIDI 336 529.4 330 98.21%
(single)
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Table 2.4: Pool 2 detailed trim results.

Trim Input reads Mo trim Trimmed Mothing left
or Discarded
Trim on quality 77,231 213 77,018 0
Ambiguity tim 77,231 15,333 60,955 943
Trim ends 76,288 0 76,288 0
Adapter timming 76,288 214 76,074 0
2.0.4 Pool 3 quality control outputs:
Table 2.5. Trim Summary for pool 3:
Name Number of reads Avg length Number of Percentage trimmed
reads after trim
454Reads.MID1 533 319.7 525 98.5%
(single)
454Reads.MID10 621 480.0 608 97.91%
(single)
454Reads.MID2 1,130 397.8 1,112 98.41%
(single)
454Reads.MID3 29,801 3834 29,576 99.24%
(single)
454Reads.MID4 22 569 4453 22,296 98.79%
(single)
454Reads.MIDS 3.688 471.0 3,622 98.21%
(single)
454Reads.MID6 3,435 4277 3,404 99.1%
(single)
454Reads.MID7 335 526.9 326 97.31%
(single)
454Reads.MID8 6,330 438.6 6,024 95.17%
(single)
454Reads.MID9 7 575.0 7 100%

(single)
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Figure 2.3: Read length before and after trimming
Table 2.6: Detailed trim results.
Trim Input reads No trim Trimmed Nothing left
or Discarded

Trim on quality 68,449 221 68,228 0
Ambiguity trim 68,449 14,124 53,376 949
Trim ends 67,500 0 67,500
Adapter trimming 67,500 223 67,277




2.1 Read alignment and mapping

2.1.1 Reference mapping assembly

This analysis included calculating the total number of reads aligned and not aligned to the

reference mtLSU rRNA sequence.

2.1.2 Cecile_pool_1 mapping:

Table 2.7: Summary statistics for the mapped reads

Read count 78,531
Mean read length 32253
Total read length 25,328,895

Table 2.8 Summary statistics

Reference count 1

Type Reference mapping

Total reference length 2,607
GC contents in % 4185
Total read count 78,331

Mean read length 32253
Total read length 25,328,895

Table 2.9 mtLSU rRNA coverage
Total reference length 2,607
% GC 4185
Total consensus length 2,606
Fraction of reference covered 1.00
Table 2.10: Coverage statistics

Total reference length 2,607
Minimum coverage 0
Maximum coverage 15,264
Average coverage 7,276.40
Standard deviation 4117.68
Minimum excl. zero coverage regions 4
Average excl. zero coverage regions 7,281.99
Standard deviation excl. zero coverage regions 411433
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Table 2.11: Coverage regions

Reference Sequence Feature Start End Length | P-Value
type position | position
ENAJAJ973190/AJ973190.1 | Deletion 2 974 973 0
ENAJAJ973190/AJ973190.1 | Amplification | 1064 1409 346 0
ENAJAJ973190/AJ973190.1 | Amplification | 1434 2507 1074 0
ENAJAJ973190/AJ973190.1 | Deletion 2510 2607 98 0

Coverage level distribution
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Figure 2.4: Distribution of reads along the reference sequence. Peaks reflect greater coverage,
whilst troughs correspond to regions with low coverage (introns).
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Distribution of mismatches (all matches)
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Figure 2.5: Distribution of mismatched bases among reads that mapped to the reference
sequence.

Distribution of mismatches (non-perfect matches)
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Figure 2.6: Distribution of mismatched bases among unmapped reads.

12



Read length distribution
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Figure 2.7: Length distribution of the reads.
2.1.3 Cecile_pool_2 mapping:
Table 2.12: Pool 2 summary statistics
Reference count 1
Type Reference mapping
Total reference Iengtn 2,607
GC contents in % 41.85
Total read count 32,163
Mean read length 349.07
Total read length 11,227,120
Table 2.13: Statistics of mapped reads from pool 2.
Count Average length Total bases
Reads 76,288 34573 26,375,197
Matched 32,163 34907 11,227 120
Mot matched 44 125 3433 15,148,077
References 1 2,607 2,607
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Figure 2.9: Length distribution of the unmapped reads from pool 2.

Table 2.14: Percentage of the reference sequence that was covered by pool 2 reads.

Total reference length 2,607
% GC 41.85
Total consensus length 2,610
Fraction of reference covered 1.00
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Table 2.15: Coverage statistics

Total reference length 2,607
Minimum coverage 2
Maximum coverage 10,217
Average coverage 3,211.62
Standard deviation 2,180.45

Coverage level distribution
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Figure 2.10: Positional coverage of mtLSU mRNA by pool 2 reads.

Coverage levels within 3 std.dev. from mean

140 —
120
100 —
wy —]
= ]
= 80 —
= -
8 60
a =
40 —
2°_:H \I‘I ||I|\|”| |
0 - ‘l II L || I I || || II II|.|||||||||I|
(7] 7, < K 2, 5% [ — > )
o, ~o, Yo, Yo, Yo, % o, %6, o
o 0 o o o %o % % b %
o. ~o, Yo. Yo, Yo, %o, o, %o. o
Fo o Fo Fo o o o o D
Coverage

Figure 2.11: Positional mapping of pool 2 reads at 99.73% (3 standard deviation from the
mean) coverage.
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Table 2.16: Regions of difference/similarity between pool 2 reads and mtLSU rRNA. Regions

of deletion correspond to the location of introns within mtLSU rRNA gene.

Sequence name Feature Start End Length | P-Value
type position | position
ENAJAJ973190|AJ973190.1 | Deletion 2 957 956 4.37E-267
ENAJAJ973190]AJ973190.1 | Amplification | 1017 1544 528 0
ENAJAJ973190]AJ973190.1 | Deletion 1546 1849 304 4.44E-124
ENAJAJ973190/AJ973190.1 | Amplification | 1872 2472 601 0
ENAJAJ973190|AJ973190.1 | Deletion 2509 2607 99 4.97E-187

2.1.4 Cecile_pool_3 mapping:

Table 2.17: Pool 3 summary statistics

Reference count 1
Type Reference mapping
Total reference length 2,607
GC contents in % 4185
Total read count 38,886
Mean read length 34420
Total read length 13,384,577
Table 2.18: Statistics of mapped reads from pool 3.
Count Average length Total bases

Reads 67,500 343.58 23,191,921
Matched 38,886 3442 13,384,577
Not matched 28,614 34275 9,807 344
References 1 2,607 2,607

Table 2.19: Percentage of the reference sequence that was covered by pool 2 reads.

Total reference length 2,607
% GC 41.85
Total consensus length 2,588
Fraction of reference covered 0.99
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Figure 2.12: Distribution of the length of pool 3 reads that mapped to mtLSU rRNA gene.
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Figure 2.13: Distribution of the length of pool 3 unmapped reads.

Table 2.20: Coverage statistics

Total reference length 2,607
Minimum coverage 0
Maximum coverage 10,141
Average coverage 3,925.50
Standard deviation 3,305.58
Minimum excl. zero coverage regions 2
Average excl. zero coverage regions 3,968.12
Standard deviation excl. zero coverage regions 3,297.94
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Coverage level distribution
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Figure 2.14: Positional coverage of mtLSU mRNA by pool 3 reads.

Table 2.21: Zero coverage regions

Count

Minimum length

28

Maximum length

28

Mean length

28.00

Standard deviation

0.00

Total length

28

Table 2.22: Regions of difference/similarity between pool 3 reads and mtLSU rRNA. Regions

of deletion correspond to the location of introns within mtLSU rRNA gene.

Sequence name Feature Start End Length | P-Value
type position | position
ENAJAJ973190|AJ973190.1 | Deletion 2 1068 1067 0
ENAJAJ973190/AJ973190.1 | Amplification | 1081 1404 324 0
ENAJAJ973190]AJ973190.1 | Amplification | 1431 2508 1078 0
ENAJAJ973190]AJ973190.1 | Deletion 2511 2607 97 0

Table 2.23. Regions of difference/similarity between merged reads from pool 1-3 and mtLSU
rRNA. Regions of deletion correspond to the location of introns within mtLSU rRNA gene.

Sequence name Feature Start End Length | P-Value
type position | position
ENAJAJ973190/AJ973190.1 | Deletion 2 999 998 0
ENAJAJ973190]AJ973190.1 | Amplification | 1026 1544 519 0
ENAJAJ973190|AJ973190.1 | Amplification | 1574 2508 935 0
ENAJAJ973190|AJ973190.1 | Deletion 2510 2607 98 0
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2.2

Single nucleotide polymorphism

Structural variation at the nucleotide level such as single nucleotide polymorphisms (SNPs)
were called using CLC Genomics Workbench (Table 14).

Table 2.24: Curated genetic variations between pool 3 reads and mtLSU Rrna.

Reference | Consensus | Variation | Reference | Allele | Frequencies | Coverage | Variant | Frequency | Count | Type
Position Position Type #1 of #1 of #1

41 13 SNP C T 100 13 T 100 13 Deletion
42 14 SNP C T 100 19 T 100 19 Deletion
43 15 SNP T A 77.8 18 A 77.778 14 Deletion
108 80 SNP T AIT 60.0/40.0 5 A 60 3 Deletion
110 83 SNP G A 80 10 A 80 8 Deletion
231 211 SNP C T 100 17 T 100 17 Deletion
365 345 SNP T A 100 24 A 100 24 Deletion
589 571 SNP A T 96 25 T 96 24 Deletion
676 658 SNP C T 95.8 24 T 95.833 23 Deletion

2.3 De novo assembly of unmapped reads

De novo assembly of 106,312 unmapped reads resulting from alignment to mtLSU rRNA
reference sequence generated 248 contigs. The assembly was performed using the following
parameter: Minimum contig length 200; word size=20. Reads were mapped back to the contigs
with a cut-off imposed at 80% identity.

The N50 of 418 was computed to estimate the quality of the assembly, with the longest contig
being 1,219 base pairs (Table 2.25). The contig N50 is a weighted median statistic such that
50% of the entire assembly is contained in contigs equal to or larger than this value.

It (N50) is computed by first ordering all contigs by size and then summing up their lengths
until the summed length exceeds 50% of the total length of all contigs. N50 is used widely in
genomics, especially in reference to contig or supercontig lengths within a draft assembly to
provide a statistical measure of mean length of a set of sequences.

Table 2.25. Contig measurements. The measurements were derived from de novo assembly of
unmapped reads.

Length

N75 359

N50 418

N25 507

Minimum 93

Maximum 1,219

Average 386

Count 248
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Table 2.26: Summary statistics of contigs derived from de novo assembly of unmapped reads.

Count Average length

Total bases

Reads 106,312 33247

35,345,270

Matched 46,677 4176

15,992,338

Not matched 59,635 325.19

19,392,932

Contigs 248 389

92,695

100

Contig length sum [kb]

0 T T T T | T T T T | T T

0 100 200
Number of contigs

Figure 2.15: Plot of cumulative length distribution of contigs. A distribution plot of the cumulative

contig lengths is a visual comparison of assembly results.

Length

i
=3
o
o
|

4000

3000

2000

Number of reads

1000 ‘ “
0 |||||IIII|| ||I||

D D) s Xa Dy D By Py Ty Ty By By 6 6
© 900 00 0 0 0 00 0 0 ¢

R A A A NN AL N NN AN
BT 0 R S R
Basepairs

Figure 2.16: Plot of read length distribution of contigs.
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2.4 Database similarity searches using unmapped contigs

Database similarity search is a key step to annotate coding sequences in short reads and to
identify their function is very challenging because of the size and quantity of the short reads.
Traditional alignment programs for the Sanger sequencing are for example BLAST and BLAT
but they may not scale well with the NGS reads in terms of the processing time and mapping
accuracy. Therefore, consensus sequences were independently generated for each pool and used
for database similarity searches (see attached file). We additionally generated a 2, 607 bps
consensus sequence from the three pools (1-3) and used it to search the GenBank’ non-
redundant database for homologs using the BLASTN search algorithm. The cutoff e-value was
set at 1e-5 and the number of hits per query sequence was set at 10.

The best matches to the sequenced reads were derived from the glomeromycetes taxon with
100% sequence identity (see figure 2.17).

Glomus infreradices mitochondrial parfial 1su gene for large subun
) Glomus praliferum mitochondrial partial LSU gene for large subunit ibosomal AW, done 783_4
& Glomus proliferum mitachondrial pertial L350 rRMA gene for large subunit ibosomal R, clane 11551
i Glomus proliferim mitochondrial partial LSU FRA gene for lrge subunit ibosomeal Rk, clane 1155_5
1y Glomus proliferum mitechondrial parfial LSU gene for large subunit ibosomal Ria, clone 754_1
b &7 Glamus proliferam mitochondtial parfial LSU gens fot large subunit fbosomal RMA, clone 5135
Glomus proliferum mitochondtial parfial LSU rRRA gene for large subunit ibosomal Ry, clone 1155_12
# 13 olomus proliferum mitochondrial parfial LS gene for large subunit ibosomal kM, clone 513_6
Glomus proliferum mitochondrial parfial LS50 gene for large subunit ibosamal RRA, clone 133
Glomus proliferum mitochandrial parfial LSU gene for large subunit ribosamal RRS, cone §13_4
Glomus caledonium mitochondrial partial [su gene for large subunit dbosomal RA and LAGLIDADG haming end..
Glomus gecsparim mitochondeal patial 150 gene for large subunit ibosomal RMA and LAGLIDADS homing endo...
2 Glomus mosseae mitochandrial parfial sy gene for [arge subunit ibosomal R4 and LAGLIDADG homing endanuc.
ki 1 Glomus mosseas mitochondtial patial [5u-9ene for large subunit Hbosomeal kA and LAGLIDADG homing endonie.
& Glomus mosseqe mitachondrial partial [su gene for large subunit ibosomal RWA and LAGLIDADG homing endaonuc.
90 Glamus mosseae mitachondrial parial [su gene for large subunit ibosomal RMA and LAGLIDADG haming endony..
Glomus coronahim mitochondrial partial lsu gene for large subunit fbosomal RA and LAG LIDADG homing endo..
Glomus infraradices isolade INTRAZ large subunit ribosamal RRA gene, parfial sequence; mitochandrial
] Glamus infreradices isolate INTRA4 large subunit ibosomal Rida gene, partial sequence; mitochondrial
4 Glomus infraradices isolade INTRAS large subunit ibosamal BRA 9ene, parfial sequence; mitochandrial
@ Glomus infreredices mitachondrial pardial lsu gene for large subunit ibosomal AW, done KEB2_2
vl glomerompetes | 20 leaves
3| glomerpmycetes | 21 leaes
1] glometomice s | 4 leanes
i Glomus infreredices mitachondrial partial lsu gene for large subunit ibosomal RMA, clone AU92_2
B alomeramucetes | 13 leaves
& uncultured Glomus mitochondrial parfisl sy ene for large subunit ibosomal RRa, clane 124_a02]
@ runcutured Glomus mitochandrial parfial sy gene for [arge subunit ibosomal Ria, clone 154 _a2)
& o Glomus infreradices mitochondtial patial lsu gene for lakge subunit Hbosomal RM&, clone S67_4
O glameromycetes | 4 leaes
3 Uncultured Glamus mitachondrial parial [su gene for large subunit ibosomal RMA and ORF1 DA for L.
Suncultured Glomus mitochondrial parial lsu gene for large subunit bosomal RiE and QRF1 OMA for L...
] alomeromycetes | 6 leanes
@ Glomus infreradices mitochondrial paetial LS50 qene for large subunitibosomal Ria and LAGLIDADG h
W consensis_sequence_merged_poolt-
Glomus infraradices mitochondrial partial |5y gene for large subunit ibosomal RiA and LAGLIDADG..

|III.D1 |

Figure 2.17. Neighbor joining tree depicting taxonomy distribution. The tree was generated
following a similarity search at the GenBank using a consensus sequence of the short reads. The
query sequence is highlighted in yellow.
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CRIEIN

Totggacgos SagTTIagTy
El gtgacctboa atgtaaatot ggotocataac aaggtocttag agactaaggs
121 gatacogtgg gRagtbtotat aatofbigasd acChoohOoCs Cagagatact Coogatggag
181 gacatagteot tttatagaac coogtiaicga oogactgaaa gogaggottt caatctaatt
Z41 aazaggoaaca ogotagoact tobaggttoc agocaattat ggaattagea taatatacta
201 agtagactas CRARTCATTE AFECTATISS TRACAATLOS Samatoactt agaagtasat
3Fl aaccttatta tootbtgata tgaaatcacc aaacooacag ooagotobtt ootoctattoa
4Zl socgogssato CODOUDaggaT SEeCTATLaD aatooUoon aTUCacagay CCamagTaac
481 ccacaatgeot ogtcoctataocg Sgoaacaiagy gagtgttoat aaagagtatt tgaatcatot
541 trtartotgtoc TTtCagaats Tatgttotto tTgagoctaiaa TOgagtttat otttagataa
E01l acgaagtaat acaacataty aaactocitag atttaatags oghagtochgs ooogottoaa
EEl ttactatctt gatghottitt atoobgaggg tgttaaaata gobocagota acatagggga
TEl gttattaact goaaggggtt tagoatactg googatggac gaoggatata aagacagagg
T8l maactttaga ctbgoaacts aatootbobc cagaaacgac gtbocbgobgo toattaaact
£4]1 oottaggatai ACTToOTOTTT agattgocagt Cttiaitactg TTaidatotas Ccoaatasaga
201 atctatghtta gagocaachs tabggttcaa ttooghgott taghttobos Shattttoat
Efl cottoocatgeo tttacaaatt acaataaggt ctattgggta ggogtaagggt agggttagta
10E1 tattatctga tacctaaaat gaag ctactos
1081 : tgoaagggac booglagage SObggoasgg ggtgassag
1141 totaacs tggagatago DOQgbcttotg CogaadacoogE tthagogggt ogoocattt
i - tgasattaa atbogbbact agaoggbac goacbggaag Coaogoagot Shbgobgoats
1z51 toggyogy chgtocabgges bobabogatg gobbocbiacs ooggaadatgt ataghata
-2l tga bgggea atcagacgta togbgataag gogattoghc A33Jgooeaad  Cagoosag
1381 ggtgtgaa ggtooctaac aagotactga gbgaacacaa ggoagEccts tocaghghot
1431 L e = Shocaggoct atoottboat attboataag gataacaats
1501 oggoogtoatg Ccoggaatacs Cogataiadatg Chagatggta CLACOOOOLE Coaataatho
15f1 taatataggg goaatcagoa gogaagttoca atattttaac Coctocaacga coacaogooa
lEZl aaacoaiaiatt ACAgITtatt Tagaagtcaia Tadgasaitgs TAttoaatos TaattaCatt
1581 agtgggttag tocaagotaa tggatctittt ttbghghoctt cottagghbittt cotaagggaa
1741 ttacatococtt aacggaaaac ooggoatagg tagoottoga goZacogogt thgataaata
1201 coogteatss agUasgatal JOCCCTaaaCa COOTCIssss ACCaACIaATAT aatathIoTog
18E1 gragoocac cttttagoga tagogtaiaca gotcageggE cbgagootos oogeaasaaax
IR=FS o atattgr Chggtgagog Cgocaiadaat gtaacgggbc tatagtagtt ghotbobotgh
= ragobEbg gatabtggagy gagbggragt tbcbbractg brbcacogaa acocbghboct
b Al o tgtaaaa SOobagggt agagadtac Coagrasaty gaatgaaqgot gotoatitg
R rpgegao s atagoEgggs taagaatgos gacatgagqea geooctaaaagagg  agggtaattod
RSNt togos gadagoagaa ggogttboatt tgtaaggbtot atacctagat gattaaag
Sl o cggoctocta aggbbcagag taacaaatita ghboogatga ghaactobbc tatagggoas
Pk o o cobboct Babaaghtba oocbbrcaagba attagaggba btactboaaaqg agbaaggbbo]
gggliagage cobacagaat caabcttala acogbacoct dilacogacas  agghotg

£341
=Gl g tagagoata ctaaggogta gagataatog botbgaagga actoggoasna abgacooogh
=9E1 CEEOggga gaaggggbgs cactaataaq boggoggract diadcagooog gogogactogh
st A cbhaaaa cacoggactc Sgobaacact agogbggatg batagaghbot
-k o e tagat gatocaactaa

gatacogpoo

L

Figure 2.18. Gene structure of mtLSU rRNA (AJ973190: 1..40, 1097..1459, 1861..2607) gene.
The gene consists of two introns (NOT highlighted) located at position: 41..1096 and
1460..1860.

22



