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Order Information

Client Name Macrogen
Client Organization Macrogen HQ
Order Number HNO0000000, HNOO000001
Application Whole Genome De novo Sequencing
Library Type [3.0] PacBio Microbial Library, TruSeq Nano DNA (350)
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lllumina Experimental Workflow

The samples are prepared according to NGS library preparation workflow, and sequenced using lllumina platform.
The workflow illustrated below shows the common ligation based method of library preparation. The process may differ based
on the library preparation protocol followed.
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Sample Preparation

DNA/RNA is first extracted from the sample, and samples which meet quality control standards
proceed to library construction.

Ligate Adapters

The sequencing library is prepared by random fragmentation of the DNA or cDNA sample,
followed by 5" and 3’ adapter ligation. Alternatively, “tagmentation” combines the fragmentation
and ligation reactions into a single step which greatly increases the efficiency of the library
preparation process.

Final library Construction

Adapter-ligated fragments are then PCR amplified with a PCR primer solution which anneals
to the ends of each adapters.
The library templates undergo quality control and quantification process.

Cluster generation using bridge amplification

The library is loaded onto a flow cell where fragments are captured on a lawn of surface-bound
oligos complementary to the library adapters.

Each fragment is then amplified into distinct clonal clusters through bridge amplification.

Once cluster generation is complete, the templates are ready for sequencing.

Sequencing by synthesis (SBS) technology

Illumina SBS technology utilizes a proprietary reversible terminator-based method that detects
single bases as they are incorporated into DNA template strands. As all 4-reversible, terminator
-bound dNTPs are present during each sequencing cycle, natural competition minimizes
incorporation bias and greatly reduces raw error rates compared to other technologies.

The result is highly accurate base-by-base sequencing that virtually eliminates sequence-
context-specific errors, even within repetitive sequence regions and homopolymers.

Generation of Raw data

The Illumina sequencer generates raw images utilizing sequencing control software for system
control and base calling, through integrated primary analysis software called RTA

(Real Time Analysis).

The BCL/cBCL (base call) binary files are converted into FASTQ files using bcl2fastg, which is
an lllumina provided package. Adapters are not trimmed away from the reads.
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PacBio Experimental Workflow

The samples are prepared according to a guide for preparing SMRTbell template for sequencing on the PacBio instrument.

Sample Preparation

DNA/RNA is first extracted from the sample, and samples which meet quality control standards
E proceed to library construction.

Adapter Ligation

== The SMRTbell library preparation creates a circularized template by ligating hairpin adapters to
the end of a high-quality double stranded DNA (dsDNA) molecule. After ligation, sequencing
primer and sequencing polymerase are annealed to the library, making it ready for SMRT
Sequencing,.

SMRT(Single Molecule, Real-Time) Sequencing

Single Molecule, Real-Time (SMRT) Sequencing is the core technology powering PacBio
- long-read sequencing platforms.
: When the SMRTbells are loaded to a SMRT cell, a SMRTbell diffuses into a zero-mode waveguide
(ZMW, sequencing unit). In each ZMW, a single polymerase is immobilized at the bottom, which
can bind to either hairpin adaptor of the SMRTbell and start the replication. Four fluorescent
-labeled nucleotides, which generate distinct emission spectrums, are added to the SMRT cell.
As a base is held by the polymerase, a light pulse is produced that identifies the base.

e » SMRT cell

The replication processes in all ZMWs of a SMRT cell are recorded by a “movie” of light pulses,
and the pulses corresponding to each ZMW can be interpreted to be a sequence of bases.
Because the SMRTbell forms a closed circle,after the polymerase replicates one strand of the
target dsDNA, it can continue incorporating bases of the adapter and then the other strand.

If the lifetime of the polymerase is long enough, both strands can be sequenced multiple times
(called “passes”).

TN Generation of Raw data

Performs real-time signal processing and base calling using Primary Analysis software installed
on the instrument.
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Analysis Workflow

PacBio sequencing platform
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Pre-processing

° Quality Control : After sequencing, the raw reads undergo quality control. Overall quality of reads generated, total bases, total
reads, GC content and basic statistics are calculated. The data can be used to check raw data whether there are any problems in
raw data or not before doing analysis.

o Preprocessing : When performing sequencing, if the read length is longer than an insert size, there may be sequences
corresponding to the adapter in 3' end of sequencing reads. In order to reduce biases in analysis, adapter trimming and quality
filtering are performed. The quality of filtered reads, total bases, total reads, GC content and basic statistics are calculated again.

Assembly

De novo assembly is performed. When stats of the assembly results is poor, other assembler is tried to get better results.

Error Correction

After de novo assembly step, high accuracy reads can apply for sequence compensation to construct contigs more accurately. By
mapping high accuracy reads to first assembled genome sequence, we can see the mapping result that shows a slight difference
from the assembly result. We use this information to correct the consensus sequence.

Base-modification Analysis

DNA base modifications are predicted using inter-pulse duration (IPD) information from the generated PacBio data.

CpG Analysis

The probability of methylation of each site is calculated by mapping raw data containing the 5mC base modification tags against
the primary contigs/scaffolds.

Assembly Validation

The assembled genome is validated using K-mer analysis, self-mapping strategy, BLASTN, ANI analysis and BUSCO analysis.
K-mer analysis : This process provides information of k-mer coverage, heterozygosity and estimated genome size.

Self-mapping (lllumina) : Raw (or preprocessed) reads are aligned against assembled genome and their insert size are estimated for
validation.

Self-mapping (PacBio) : In order to validate accuracy of the assembly, raw (or preprocessed) reads are aligned against assembled
genome and calculate how many reads were used in assembly.

BLAST : The assembled genome is subjected to BLASTN against NCBI nucleotide database. By the results, we can figure out
whether the assembled contigs is concordant with sample information provided by customer or not.

ANI analysis : For prokaryote, average nucleotide identity (ANI) is calculated for biological identification.

BUSCO analysis : BUSCO analysis is performed to evaluate genome assembly based on evolutionarily-informed expectations of
gene contents.

Gene Prediction & Annotation

After whole genome or draft genome is assembled, the location of protein-coding sequences, tRNA genes, rRNA genes, and tmRNA
genes are identified. Then their functions are annotated.

Research use only 7
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Raw Data Statistics
The total number of bases, reads, GC (%), Q20 (%), and Q30 (%) are calculated for the 1 sample(s).
For example, in SAMPLE1 sample, 25,000,000 reads are produced, and total read bases are 3.5 Gbp.
The GC content (%) is 70.0% and Q30 is 90.0%.
* Raw Data
Sample ID Total bases (bp) Total reads GC (%) AT (%) Q20 (%) Q30 (%)
SAMPLE1 3,500,000,000 25,000,000 70.0 30.0 95.0 90.0
SAMPLEL filtered 2,000,000,000 15,000,000 70.0 30.0 99.0 95.0

« Sample ID : Sample name.

« Total Bases (bp) : Total number of bases sequenced.

« Total Reads : Total number of reads. For illumina paired-end sequencing, this value refers to the sum of read1 and read2.
« GC (%) : Ratio of GC content.

« AT (%) : Ratio of AT content.

+ Q20 (%) : Ratio of bases that have phred quality score of over 20.

+ Q30 (%) : Ratio of bases that have phred quality score of over 30.

Research use only
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HiFi Read Statistics

The total number of bases, HiFi reads, N50, average read length, average read quality, and average pass are calculated for the 1 sample(s).
For example, in SAMPLE1 sample, 30,000 HiFi reads are produced, and total read bases are 250 Mbp.
The N50is 10,000 bp, average read length is 9,000bp, average quality is Q35, and average pass is 15.

Sample ID HiFi Read Bases HiFi Reads HiFi N50 Average Average Average
Rea Rea Pass
Length Quality

SAMPLE1 250,000,000 30,000 10,000 9,000 Q35 15

« Sample ID : Sample name.

« HiFi Read Bases : Total bases of HiFi reads.

« HiFi Reads : The number of reads in the HiFi read.

« HiFi Read N50 : 50% of all bases come from HiFi reads longer than this value.
+ Average Read Length : The mean length of HiFi reads.

+ Average Read Quality : The mean quality of HiFi reads.

+ Average Pass : The mean number of passes in the HiFi reads.

Research use only 9



Summary of Project Results

Summary of de novo Assembly

Assembly Contigs Total Contig N50 GC Content (%) Estimated
Method Bases Genome Size
Microbial 1 8,000,000 8,000,000 65.0 8,000,000
Genome

Analysis

Contigs : The number of contigs assembled.

Total Contig Bases : The total length of contigs.

N50: 50% of all bases come from contigs longer than this value.

GC Content (%) : GC content of assembly result.

Estimated Genome Size : Estimated genome size of the target derived from K-mer frequency analysis result.
Sequencing Depth : Total read bases per genome assembly result.

Taxon Identification Using ANI Analysis

Closest Genome Average Nucleotide
Identity
GCF_000000000.1 1.00

Summary of Gene Prediction and Annotation

Sample Contigs Bases Gene CDS tRNA
SAMPLE1 1 8,000,000 5,700 5,500 80

Sample: The sample name.

Contigs : The number of contigs in assembled sequence.
Bases: The number of bases in assembled sequence.
Gene : The number of genes in assembled sequence.
CDS : The number of CDSs in assembled sequence.
tRNA: The number of tRNAs in assembled sequence.
rRNA : The number of rRNAs in assembled sequence.
tmRNA : The number of tmRNAs in assembled sequence.
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31.25
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De novo Assembly

Contig

Bioinformatics software such as Microbial Genome Analysis, CANU, Flye and Raven can assemble the PacBio long-reads. In this
analysis, Microbial Genome Analysis was used and the detailed information is attached in the appendix. As the result of mapping
reads against assembled contigs and error correction using Racon, the consensus sequence with higher quality is generated.
Furthermore, Microbial Genome Analysis rotated contig start sites as origin of replication for each contig. The assembly results are
summarized in the table below.

Summary of Assembly

Number of Total Contig Bases N50 Max Length Min Length Mean Length
Contigs
1 7.999.990 7.999.990 7.999.990 7.999.990 7.999.990

Number of Contigs : The number of contigs assembled.

Total Contig Bases : The total length of contigs.

N50 : 50% of all bases come from contigs longer than this value.
Max Length : The length of maximum contig.

Min Length : The length of minimum contig.

Mean Length : The average length of contigs assembled.

After assembly, lllumina reads were applied for accurate genome sequence using Pilon. And then, by mapping the hifi reads against
assembled contigs, the consensus sequence with depth of coverage data was generated.

Summary of Corrected Assembly

Number of Total Contig Bases N50 Max Length Min Length Mean Length
Contigs
1 8,000,000 8,000,000 8,000,000 8,000,000 8,000,000

Number of Contigs : The number of contigs assembled.

Total Contig Bases : The total length of contigs.

N50: 50% of all bases come from contigs longer than this value.
Max Length : The length of maximum contig.

Min Length : The length of minimum contig.

Mean Length : The average length of contigs assembled.

Result of Assembly : single contig was formed

Contig Name Length GC (%) Depth Circular Alias
contigl 8,000,000 65.0 35 YES Contigl

Length : The number of bases in each contig
GC(%) : GC content
Depth : The average number of reads aligned to each of the bases on contig
Circular:5'end and 3' end are connected
Alias : The alias is named based on the BLASTN resultThe following two conditions are used to create an alias:
a: Query cover 80 or more
b : Similarity between genome size
If both conditions are met, it is named Chromosome or Plasmid
If not, named it Contig

Research use only 11
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Contig Information
Nx Stat of Contigs
Average Length Cumulative Sum Number
of Contigs
N10 8,000,000 8,000,000 8,000,000 1
N20 8,000,000 8,000,000 8,000,000 1
N30 8,000,000 8,000,000 8,000,000 1
N40 8,000,000 8,000,000 8,000,000 1
N50 8,000,000 8,000,000 8,000,000 1
N60 8,000,000 8,000,000 8,000,000 1
N70 8,000,000 8,000,000 8,000,000 1
N80 8,000,000 8,000,000 8,000,000 1
N90 8,000,000 8,000,000 8,000,000 1
N100 8,000,000 8,000,000 8,000,000 1
Average Length : The average length in the contigs statistics (N10~N100).
Cumulative Sum : The sum of the length in the contigs statistics (N10~N100).
Number of Contigs : The number of sequences in the contigs statistics (N10~N100).
Base Contents of Contigs
Num of A Num of T Num of G Num of C Num of N GC Contents (%)
900,000 900,000 2,600,000 2,500,000 0 65.0

Num of A: The total number of adenine (A) bases
Num of T : The total number of thymine (T) bases
Num of G : The total number of guanine (G) bases
Num of C: The total number of cytosine (C) bases
Num of N : The total number of ambiguous bases
GC Contents : The percentage of guanine-cytosine base pairs.
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Assembly Validation

K-mer Analysis

K-mer analysis was performed to estimate the genome size of sample. The graph was plotted with the coverage and frequency of
k-mers. The sharp left-side peak represents random sequencing error while the right represents appropriate data. The genome
size can be estimated using total k-mer number and volume peak.

21-mer

K-mer Coverage Heterozygosity Genome Length Genome Repeat Length
40.00 0.500 8,000,000 1,000

K-mer Coverage : The mean k-mer coverage for heterozygous bases.
Heterozygosity : The overall rate of heterozygosity.

Genome Length : The inferred genome length.

Genome Repeat Length : The length of the genome that is repetitive.
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Self-Mapping Results
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In order to identify how much reads were used in assembly, raw (or preprocessed) data reads were mapped to an assembly result.

After mapping, the necessary statistics were calculated.

Overall Mapping Stats

Library Name Total Reads Mapped Reads Coverage (%) Depth
SAMPLE1 15,000,000 14,999,000 (99.99%) 99.99 300.00
(Hlumina)

SAMPLE1 25,000 24,999 (99.99%) 100.00 35.00
(PacBio)

Library Name : Sample's library name

Total Reads : Total number of reads

Mapped Reads : Total number of mapped reads.

Coverage (%) : The percentage of mapped sited (>= 1x).

Depth : Average mapping depth.

Insert Size (Std.) : The length between adapters and standard deviation of predicted length.

Research use only

Insert Size (Std.)

450.00 (80.00)
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BLAST Results

After complete genome or draft genome was assembled, BLAST analysis was carried out to identify to which species each contig
show similarity. Best hit results were identified using NCBI NT database. Each result was prepared separately by the sheet of excel.
Following figure shows the proportion based on the genus level as the result of the best hit for the entire contig.

BLAST Result of contig

Contig Contig Length  Subject Description Subject E-value
Length
contigl 8,000,000 CP0O0000.1 TEST SPECIES 8,000,000 0.0

Contig : The name of contig.

Contig Length : The total number of bases in the contig.

Subject Description : Description of sequence matched by BLASTn.

Subject Length (bp) : Length of sequence matched by BLASTn.

E-value : The expectations that could be matched by chance. The lower, the more significant it is.

Because the BLAST analysis is based on registered information, it is difficult to determine the information of the species that is not
registered. In particular, the assembly results could be matched with a relative species or an evolutionarily distant species due to
sequence differences or error that may occur during the assembly process. Therefore, it would be more appropriate to use the
analysis results to identify patterns rather than to use it as an absolute criterion for species determination.

Research use only 15



BUSCO Results

In order to assess the completeness of the genome assembly, Benchmarking Universal Single-Copy Orthologs (BUSCO) analysis

Humanizing Genomics
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was performed based on evolutionarily-informed expectations of gene content from near-universal single-copy orthologs. The
recovered matches are classified as’Complete’ if their lengths are within the expectation of the BUSCO profile match lengths. If

these are found more than once, they are classified as 'duplicated’. The matches that are only partially recovered are classified as

"Fragmented’, and BUSCO groups for which there are no matches that pass the tests of orthology are classified as 'Missing’. Higher

complete BUSCOs may indicate good assembly. However for species other than model organisms, relatively low BUSCOs can be
appears due to characteristics of the sample as well as the incompleteness of the assembly. By default, bacteria or eukaryota DB

was used for analysis.

Used Lineage : bacteria_odb10 (number of genomes: 4085, number of BUSCOs: 124)

BUSCO Analysis Result

Status Number of BUSCOs
Complete BUSCOs (C)
Complete and single-copy BUSCOs (S) 120
Complete and duplicated BUSCOs (D) 4
Fragmented BUSCOs (F) 0
Missing BUSCOs (M) 0
Total BUSCO groups searched 124

Percentage (%)

96.77
3.28
0.00

0.00

Status : A quantitative assessment list of the completeness in terms of expected gene content.The following two conditions are

used to create a status:
a: Expected range of scores
b : Expected range of length alignments

If both conditions are met, it is classified as Complete (These complete busco matches are either single-copy or duplicated).

If both conditions are not met, it is classified as Missing.

Number of BUSCOs : Identified count in sample
Percentage (%) : Identified percentage in sample.

Research use only

16



Humanizing Genomics

macrogen

ANI Analysis

Average Nucleotide Identity (ANI) is a measure of nucleotide level genomic similarity between the same taxon species available in
the NCBI database. To identify species or/and strain information, ANI analysis is performed with taxon of the reference sequence
matched with contig1 by BLASTN.

Used taxonomy ID : 1000000

Top 1 Genomes Resulted by ANI Analysis

Ranking Similar Genome ANI (%) Aln. Cov. (%)
1 GCF_000000000.1 100.00 50.00

Ranking : The order of the highest ANI value.

Similar Genome : Species name which has high ANI value.

ANI (%) : % of relatedness at whole-genome level.

Aln. Cov. (%) : Alignment coverage. % of coverage by assembly sequence alignments against compared genome.
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Humanizing Genomics

macrogen

Gene Prediction and Annotation

Gene Contents

After complete genome or draft genome was assembled, the locations of protein genes were predicted and their functions were
annotated. Prokka was used to predict the location while BLAST was used when want to know about function and identification of

assembled sequences against nucleotide and protein sequences database.

Summary of Gene Prediction

Sample Contigs Bases Gene
SAMPLE1 1 8,000,000 5,700

Sample: The sample name.

Contigs : The number of contigs in assembled sequence.
Bases : The number of bases in assembled sequence.
Gene : The number of genes in assembled sequence.
CDS: The number of CDSs in assembled sequence.

tRNA : The number of tRNAs in assembled sequence.
rRNA : The number of rRNAs in assembled sequence.
tmRNA : The number of tmRNAs in assembled sequence.

Research use only
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Circular Map

Circular map was generated based on the annotation of the contig(s). Marked characteristics are shown from outside to the center;
CDS on forward strand, CDS on reverse strand, tRNA, rRNA, GC content and GC skew.
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Forward CDS : Region of forward CDS, region that is not CDS is described as blank.

Reverse CDS : Region of reverse CDS, region that is not CDS is described as blank.

tRNA : Region of tRNA is marked in light green.

rRNA : Region of rRNA is marked in red.

GC content : Region that has higher value of GC percentage than average is described in exterior light green peak. Otherwise, it is
described in interior lavender peak. Height of the peak describes the difference from the average GC percentage.

GC skew : According to the formula, (G-C)/(G+C), positive value shows that G is dominant while negative value shows that Cis
dominant. The exterior light green peak describes the region that has higher G content while interior lavender peak describes the

region that higher C content.
*: Please use this information only as reference since most of the time it is hard to discriminate origin and terminus from mapping.

Research use only 19



Humanizing Genomics

macrogen
Functional Annotation
EggNOG Annotation

EggNOG Description Count Ratio (%)
A RNA processing and modification 1 0.0185
B Chromatin structure and dynamics 1 0.0185
C Energy production and conversion 228 4,2183
D Cell cycle control, cell division, chromosome partitioning 26 0.4810
E Amino acid transport and metabolism 318 5.8834
F Nucleotide transport and metabolism 71 1.3136
G Carbohydrate transport and metabolism 363 6.7160
H Coenzyme transport and metabolism 116 2.1462
| Lipid transport and metabolism 121 2.2387
J Translation, ribosomal structure and biogenesis 167 3.0897
K Transcription 468 8.6586
L Replication, recombination and repair 175 3.2377
M Cell wall/membrane/envelope biogenesis 176 3.2562
N Cell motility 1 0.0185
0 Posttranslational modification, protein turnover, chaperones 114 2.1092
P Inorganic ion transport and metabolism 264 4.8844
Q Secondary metabolites biosynthesis, transport and catabolism 144 2.6642
R General function prediction only 669 12.3774
S Function unknown 1599 29.5837
T Signal transduction mechanisms 255 47179
u Intracellular trafficking, secretion, and vesicular transport 32 0.5920
' Defense mechanisms 96 1.7761
w Extracellular structures 0 0.0000
Y Nuclear structure 0 0.0000
z Cytoskeleton 0 0.0000
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Base-modification Analysis

DNA Base-modification such as m4C and méA could be predicted using inter-pulse duration (IPD) information of PacBio data
generated from PacBio sequencer. ipdSummary, a bundle tool of SMRT Link, loaded IPDs observed at each position in the genome,
compared those IPDs to value expected for unmodified DNA, and outputs the result of this statistical test. From the result of
ipdSummary, motifMaker, also bundle tool of SMRT Link, annotated motifs associated with DNA modification.

* SAMPLE1

Statistics for the Methyltransferase Recognition Motifs Detected

Motif Position Type # Detected # of Motifs in Mean QV Mean Coverage
Genome
BGNCCGCGGR 4 m4C 300 1,500 40.00 35.01
GGCCCSGA 5 m4C 2,000 2,005 65.00 30.00
VGNCTGVDCR 4 m4C 1,000 10,901 45.55 35.00

Motif : The nucleotide sequence of the methyltransferase recognition motif, using the standard IUPAC nucleotide alphabet
Position : The position within the motif that is modified. Example: The modified adenine in GATC is at position 2

Type : The type of chemical modification most commonly identified at that motif. These are: 6mA, 4mC, 5mC or modified_base
(modification not recognized by the software.)

# Detected : The number of times that this motif was detected as modified across the entire genome

# of Motifs in Genome : The number of times this motif occurs in the genome

Mean QV : The mean modification QV for all instances where this motif was detected as modified

Mean Coverage : The mean coverage for all instances where this motif was detected as modified

Research use only 21



Humanizing Genomics

macrogen

CpG Analysis

CpG/5mC methylations were predicted using pb-CpG-Tools. Raw data which contain 5mC base modification tags generated by
Jasmine were mapped against primary contigs and methylation probability of each site was calculated.

Result of CpG Analysis

Total CpGsites  CpG sites (>=4X)  CpG sites (Prob  CpG sites (Prob  CpG sites (Prob  CpG sites (Prob  CpG sites (Prob
>=50%) >=70%) >=90%) >=95%) >=99%)

1,000,000 1,000,000 10,000 5,000 2,500 50 0]

Total CpG sites : Total CpG sites

CpG sites (>=4X) : CpG sites supported by 4 reads or more

CpG sites (Prob >=50%) : CpG sites which have more than or equal to 50% methylated reads from supported reads
CpG sites (Prob >=70%) : CpG sites which have more than or equal to 70% methylated reads from supported reads
CpG sites (Prob >=90%) : CpG sites which have more than or equal to 90% methylated reads from supported reads
CpG sites (Prob >=95%) : CpG sites which have more than or equal to 95% methylated reads from supported reads
CpG sites (Prob >=99%) : CpG sites which have more than or equal to 99% methylated reads from supported reads
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Download List

Please make sure to check the integrity of the files. The sequencing files will be deleted from our server 3 months after the analysis
report is released: Please contact us within 3 months if you encounter a problem with the data.

File Name File Size (byte) md5sum

SAMPLE1_rawdatal.tar 1.0GB 6f7e6b7a3b0a99f7e5782dc63d4887b9

SAMPLE1_1.fastq.gz 900.0MB 63f157a648a731eaee5270f964f41f10
SAMPLE1_2.fastq.gz 920.0MB 8db0e61b6b72384751fd5853e5b4a900
SAMPLE1_filtered_1.fastq.gz 500.0MB 5bfe29083d0075¢c7e€956791267314a01
SAMPLE1_filtered_2.fastq.gz 490.0MB 9d4a7b0f73cdd28b770b74dababd3f92
SAMPLE1.zip 20.0MB 7a5f65b16683c12c35ad23d65ed1d9b0
SAMPLE1_FunctionalAnnotation.zip 15.0MB d775943273236991%aaad8795ec2a2c5
HNOOOOOOOO_SAMPLE1_BaseModification.zip 5.0MB 6e14c1e63c93a83d9e24d29e43a477c7
HNOOOOOOOO_SAMPLE1_CpG.zip 10.0MB 2a89b9a56e088a04852b377f7d8bcb41
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E Folder Text file Excel file TAR @ GZIP ZIP D File

L B NGS HDD
(. E [OrderNumber]
— E RawData

— [Sample]_rawdata[N].tar

— [Sample]_l.fastq.gz

— [Sample]_2.fastq.gz

— [Sample]_filtered_1.fastq.gz

— [Sample]_filtered_2.fastq.gz

L E AnalysisResults

— [* [Sample].zip

— [OrderNumber]_[Sample]_BaseModification.zip
— [OrderNumber]_[Sample]_CpG.zip

— [Sample]_FunctionalAnnotation.zip
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FAQ

@ Why do I need to check the md5sum values, and how can | check it? (Windows system)

NGS data tend to have a large files size which makes them more likely to be corrupted during file transfer.
So it's important that you check the md5sum of the files after receiving them to make sure what you
received are what we gave.

[ | . . .

“® Checking md5 hash in a Windows system

Windows does not provide a program for checking md5sum by default. An external program such as QuickHash-Windows can be used instead.
(https://www.quickhash-gui.org/downloads)

STEP1 Download QuickHash-Windows from the website, and unzip the file.

STEP 2 Take alook at the UserManual.pdf file inside the zip file, and execute the .exe file.

[85] Quickhash-GUexe 2,000414 6,505,472
2] sglite3-win32.dll 420,646 852,754
2] sglite3-wing4.dll 774 1,742,848

UsermManual pdf 512,697 576,987

STEP 3 Click on the "FileS" tab, and select [MD5] as the Algorithm.

# QuickHash v2.8.4 - The easy and convenient way to hash data in Linux, 05X and Windows - [m] X

File About
Copyright ® 2011-2017 Ted Smith http:iiwww.quickhash-gui.org

Te |File  FileS |copy | Compare Two Files | Compare Directories | Disks | Base6s Data|

#lgorithm Hash all files in chosen directory - recursive by default
—>& MDS W Save to CSV? [~ Flag Duplicates? [~ Hidden folders too? # Files in Dir:
B I~ Save to HTML? I~ Ignoring sub-directorles? [~ Choose file types? # Files Examined:...
" SHAZSE .
3 % Complete!
© SHASIZ [~ Start at a time! p
© uxHashBd -
—=> Select Directory Stop |
|Dir selected :

STEP 4 Click "Select Directory" and choose the directory where the files to be checked are located in.
The output can be saved as a csv or txt file.
The process may take some time depending on the performance of the system being used.

STEP5 Compare the newly calculated md5 value with the md5 value provided to you through
the Analysis Report.
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@ Why do I need to check the md5sum values, and how can | check it? (Linux system)

NGS data tend to have a large files size which makes them more likely to be corrupted during file transfer.
Soit's important that you check the md5sum of the files after receiving them to make sure what you
received are what we gave.

T4 Checking md5 hash in a Linux system

Linux systems have an internal md5sum program under /user/bin/md5sum.

md5sum has a "-c" option, which reads the md5sums from the input file and checks them simultaneously.
Usage: $ md5sum -c [input file name]

STEP 1

STEP 2

STEP 3

Macrogen provides a text file containing the md5sum of deliverables you'll be receiving, which you can use to
validate the integrity of the files. You can download this file by clicking on the "md5sum List" button in the
"Download List" page. The text file will have the following name and format depending on how you’re receiving
your data:

O Via download link : <OrderNumber>_#samples_md5sum_DownloadLink.txt

@ — [u] X
cat HNOBORBRBO_lsamples_mdSsum_Downloadlink.txt 2

File Size md5sum Download_link

test_1.fastq.gz 3118212249 07a66ald7d7fde2ee71b@2a2caf2laba https://data.macrogen.com/~macro3/HiSeqo2//20210322/HNOO0O00RR/test_1.fastq.gz

test_2.fastq.gz 3305438294 3bAff911e5d238a3c4763ee7967cb29a https://data.macrogen.com/~macro3/HiSeq02//28210322/HNOOOOBBAR/ test_2.fastq.gz

O Via HDD : <OrderNumber>_#samples_md5sum.txt

@ — [u] X
cat HNOBORBROO_lsamples_mdSsum.txt 2

File Size mdSsum

test_1.fastq.gz 3118212249 07a66ald7d7fde2ee71b@2a2caf2laba

test_2.fastq.gz 3305438294 3bAff911e5d238a3c4763ee7967cb29a

O You can also find "md5sum.txt" located inside the HDD delivered to you.

@ - O X
cat mdSsum.txt “

B7a66ald7d7fde2ee71b@2a2caf2laba RawData/test_1.fastq.gz

3b4ff911e5d238a3c4763ee7967cb29a RawData/test_2.fastq.gz

Use "md5sum -c" to validate the integrity of the file you've received. The input file for md5sum -c has to be
delimited by two spaces with the md5sum column appearing before the file name, just like the sample image of
"md5sum.txt" file shown above. As you can see, the two other files above are not formatted this way and need to
altered to be used as input for md5sum -c. You can manually exclude the header and cut out "File" and
"md5sum" column from the files, or simply run the following command:

$ awk '{print $3 " " $1}' <md5sum_file> | grep -v File

"md5sum -c" reads the input containing the md5 value of a file, and checks whether the md5 value of that file
matches what's written inside the input file. This action outputs "OK" if the md5 value matches, and "FAILED" if
otherwise. Check if the command outputs "OK" for all the files. (Refer to image below)

& user@host — O e

awk "{print $3 " " $1}' HNPEEEERRO_lsamples_mdSsum_DownloadLink.txt | grep -v File > mdSsum.txt A
cat mdSsum.txt

©7abbald7d7fde2ee71bB2a2cat2laba  test_1.fastq.gz

3b4ff911e5d238a3c4763ee7967cb29a test 2.fastq.gz

md5sum -¢ md5sum. txt
test_1.fastg.gz: OK
test 2.fastg.gz: OK

Research use only 26



Humanizing Genomics

macrogen

@ | want to see the data produced by Macrogen. How can | open the files?

° NGS data tend to have large file sizes, and are not user-friendly to work with in a Windows environment.
We recommend that you use Linux system for smoother operation.

@ Where can I find information for Illumina adapter sequences?

° Information on lllumina adapters can be found in this support document:
Adapter Sequences Intro
(https://support-docs.illumina.com/SHARE/AdapterSequences/Content/SHARE/FrontPages/AdapterSeq.htm)
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Deliverables List

Raw Data
File Type File Name
fastq [Sample]_1.fastq.gz
fastq [Sample]_2.fastq.gz
fastq [Sample]_HiFi.fastq.gz
bam [Sample].hifi_reads.bam

De novo Assembly Results

File Type
Contig

BLAST

Annotation Results

File Type
Genome
Genome

Gene Info.

Gene Info.
Gene Info.
Annotation
Annotation
NCBI Format
NCBI Format

NCBI Format

Research use only

File Name

*contigs.fasta

*[Sample]_BLAST.xlsx

File Name
*fna
* fsa

* gff

* ffn

* faa

*_annotation.xlsx

*_EggNOG.xIsx
*.sqn
*.gbk

*.tbl

Humanizing Genomics

macrogen

Description
Raw readl sequence data
Raw read2 sequence data
HiFi data in fastq format
HiFi data in binary format
Description

Sequences of assembled contigs.

BLAST analysis results against NCBI NT database.

Description
Whole nucleotide sequence.
Whole nucleotide sequence (Detailed description).

GFF3 format.https://github.com/The-Sequence-
Ontology/Specifications/blob/master/gff3.md

Fasta format of transcript sequence.

Fasta format of amino acid.

Excel file that saves contents written in HTML.

Excel file containing the results of the analysis of EggNOG database.
NCBI's Sequin format (Edited with Sequin).

GenBank format.

Tap separation formality of NCBI.
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File Format
@ FASTQFile
FASTQ Format
FASTQ file consists of four lines.
Example: l . )
Quality score is represented with each character.
One character matches its base with Phred+33
Linel:
Sequence identifier
. Line2: @AGO125:17:H2HFIDMXX:1:1101:3170:1000 1:N:0:ATGCCTAA
Nucleotide sequences GAAACACCATGACACTCACATGGCACTCACATTTCAGCTCCTTTTCTAAGTCATTTGCAAATATTAATTCATATTTA!
Line 3: +
Quality score identifier FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF - - FFFFFFEFER
line - character +' @ABO125:17:H2HFIDMXX:1:1101:9408:100@ 1:N:0@:ATGCCTAA
Line4- Qual TGTGCGAAGGAAAATCATTTCAGATGACAGTGTTTAACCATGGTCAAAGGACCATTCTGTCCTATCCTTCTTAGAAC
ine 4 : Quality score N
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFERFS
< >
Phred Scores
Phred quality score numerically expresses the accuracy of each nucleotide. Higher Q number signifies higher accuracy. For
example, if Phred assigns a quality score of 30 to a base, the chances of having base call error are 1 in 1000.
Phred Quality Score Probability of Incorrect Base Call Base Call Accuracy
10 1in 10 90%
20 1in 100 99%
30 1in 1,000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%
60 1in 1,000,000 99.9999%
Q=-10log10(error rate) Encoding : ASCll Character Code=Phred Quality Value + 33

Research use only
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Q-Score Binning
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The lllumina's quality score (Q score) uses quality binning. Quality scores have been specially calibrated for lllumina systems
and their consumables. The quality score table below is typically updated when significant characteristics of the sequencing
platform change, such as new hardware, software, or chemistry versions.

Phred Quality Score
N(no call)
2-9
10-19
20-24
25-29
30-34
35-39

40-45

Research use only

Example of Empirically Mapped Q-Scores

N(no call)

7

11

22

27

32

37

42
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@ BAM File

BAM
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The BAM is a compressed binary format of a SAM (Sequence Alignment Map). The BAM file contains information about
sequence alignment of reads against a large reference sequence.

Example:

D WNLS SOcoordinate T

Q SN.chrM LN:16569

Q SN:chrl LN:248956422

Q SN:chr2 LN:242193529

Q SN:chr3 LN: 198295559

Q SN:chrd LN:190214555

Q SN:chr5 LN:18153825%

Q SN-chré LN: 170805979

Q SNchr7 LN:1593455873

Q SN:chrg LN:145138636

Q SN.chrg LN:138394717

Q SM-chrld LN:133797422

Q SM:chrll LN:135086622

Q SM:chr12 LN:133275309%

Q SNchrl3 LN:114364328 Header

Q SNchr14 LN:107043718 section

Q SNchrls LN:10199118%

Q SNchr1é LN:90338345

Q SN:chrl7 LN:83257441

Q SMN:chrlg LN:80373285

Q SM:chr1% LN:58617616

Q SN-chr20 Li:¢4444167

Q SNchr21 LN:46709983

Q SN-chr2z LN:50818468

Q SN-chrX. LN:156040895

G SN:chry LN:57227415

G I:ADD125 PLAllumina SM:Sample LB:S56

G Ibwa Pibwa VN0.7.17-r1188 CLbwa mem

G IMarkDuplicates WN:218.2-SNAPSHOT  CLMarkDuplicates PN:MarkDuplicates
@PG IGATK ApplyBQSR  WN-40.5.1 CLApplYBOSR PN.GATK ApplyBQSR
ADO125511HFVLSDSX2:3:1167:10176:32142 83 chrl 826845 40 101M = B26786

180 CCCACCTCGACATCCACAGCGAGGCAATGAAGAAGCCCCTGLCAMGGAAGAGCCCGCTTCTCAGTGGGACACCGGGAAGGTAGACACCCAACAGTCACCGL EEH<FG@@C<H=-@FH<H
<FAD?FFI<>?D<ID<PGHHHI@GH =@ GE=@E@GHHBGICBIBJ@F@GGE>)>HBGGE=@GF?@E> J>HHI=>J@FBJ>ICHB XAZchrB 232954, 101M,1: MCZ'101IM MD-Z:4BG52
PG:Z:MarkDuplicates RGZ:AOD125 NMiL ASi96 X596 Alignment
AD0125511:HFVLSDSX2:3:1650:26829:19492 83 chrl 826845 27 101M = B26807 section
139 CCCACCTCGACATCCACAGCEAGGCAATGAAGAAGLCCCTELCAAGGAAGAGCLOGCTTCTCAGTGGGACACCGGGAAGGTAGACACCCARCAGTCACCGC EEH<FG@@CeH=@FH<H
>FADTFFI>?DC?DCPGHHHI@GH =@ GE=@E@GHHBGICBIB@F@GGE> I>HBGGE=@GF/@E> I>HHI=>J@FBJ>ICHE NAZ.chrB#232954 101M,1. MCZ101M MD:Z:48G52
PGZ:MarkDuplicates RGZAD0125 NMil ASI96 XSi96
< >

More information about BAM format can be found here:

Header Line

Tag
@HD
@PG
@RG
@sQ
@Co

Research use only

https://samtools.github.io/hts-specs/SAMv1.pdf

Description

The header line

Program and command line

Read group. platform, sample name information

Reference sequence dictionary. The order of @SQ lines defines the alignment sorting order.

One-line text comment. Unordered multiple @CO lines are allowed.
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SAM file : Alignments section mandatory fields

Field
QNAME
FLAG
RNAME
POS
MAPQ
CIGAR
RNEXT
PNEXT
TLEN
SEQ

QUAL

Research use only

Regexp / Range
['-?A-~]{1,255}
[0.2%16-1]

A0 4=-~10-~]*
[0,2*31-1]

[0.278-1]
\*|([0-91+[MIDNSHPX=])+
\*[=I0-0+--~100-~1*
[0.2°31-1]
[-2731+1,2°31-1]
\*|[A-Za-z=]+

[1-~1+

Description
Query template NAME
Bitwise FLAG
Reference sequence NAME
1-based leftmost mapping POSition
MAPping Quality
CIGAR string
Ref. name of the mate/NEXT read
Position of the mate/NEXT read
Observed Template LENgth
segment SEQuence

ASCII of Phred-scaled base QUALity+33
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Program Used in Analysis

Software Version

Software
FastQC
Trimmomatic
Jellyfish
GenomeScope
Microbial Genome Analysis
Inspector
ipdSummary
motifMaker
pb-CpG-tools
Pilon
Prokka
eggNOG
InterProScan
BWA
pbmm2
BUSCO
BLAST
pyani

Circos

Research use only
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Version
0.11.7
0.38

1.1.12

SMRTLINK_13.0.0.207600
1.0.1
SMRTLINK_13.0.0.207600
SMRTLINK_13.0.0.207600

110
1.22
1.14.6
4.5
5.34-73.0
0.7.17-r1188
12.1
5.1.3
2.14.0
0.2.7

0.69.9
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FastQC 0.11.7

FastQC 0.11.7 aims to provide a simple way to do some quality control checks on raw sequence data coming from high
throughput sequencing pipelines. It provides a modular set of analyses which you can use to give a quick impression of
whether your data has any problems of which you should be aware before doing any further analysis.

More information can be found here:

http://www.bioinformatics.babraham.ac.uk/projects/fastqc

Citation

http://www.bioinformatics.babraham.ac.uk/projects/fastqc

Trimmomatic 0.38

Incomplete removal of adapter sequences from NGS data can ultimately affect the accuracy of analysis. To avoid this,
Trimmomatic 0.38 is used to remove adapter sequences. Depending on the library type used for data production,
appropriate adapter sequence is used to remove the said sequences from the data. In addition to removing adapter
sequences, Trimmomatic trims out bases of low quality.

More information can be found here:

http://www.usadellab.org/cms/?page=trimmomatic

Citation

https://pubmed.ncbi.nlm.nih.gov/24695404/

Jellyfish 1.1.12
Jellyfish 1.1.12 is a program that counts k-mers in DNA. It provides information that can be used in many analyses of DNA
sequences such as genome size prediction, genome coverage confirmation and repeat sequence ratio calculation by

counting the abundance of a particular k-mer in the sequence.

More information can be found here:

http://www.genome.umd.edu/jellyfish.html

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3051319/
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GenomeScope -
GenomeScope can infer the global properties of a genome from unassembled sequenced data. GenomeScope uses the
k-mer count distribution and within seconds produces a report and several informative plots describing the genome
properties.

More information can be found here:

http://qb.cshl.edu/genomescope

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870704/

Microbial Genome Analysis SMRTLINK_13.0.0.207600
Microbial Genome Analysis Application SMRTLINK_13.0.0.207600 is a tool for assembly of PacBio microbial genome data
from SMRTIink. It has advantages to de novo assembly of small prokaryotic genomes between 1.9~10Mb and companion
plasmids between 2~220 kb. The Microbilal Genome Assembly can check whether contigs are circular form or not and

rotate contig start sites as origin of replication for each contigs automatically.

More information can be found here:

https://www.pacb.com/wp-content/uploads/SMRT-Link-User-Guide-v13.0.pdf

Citation

Inspector 1.0.1

Inspector, which reports exact locations, sizes, and types of assembly errors without being affected by genetic variants. In
addition, Inspector improves assembly results by correcting discovered errors.

More information can be found here:

https://github.com/Maggi-Chen/Inspector

Citation

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-021-02527-4
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ipdSummary SMRTLINK_13.0.0.207600
The ipdSummary detects DNA base-modifications from the kinetic signatures of the aligned BAM file.
More information can be found here:
https://github.com/PacificBiosciences/kineticsTool
Citation
motifMaker SMRTLINK_13.0.0.207600

The motifMaker discovers DNA methylation motifs from methylated DNA sequences in prokaryotic genomes.

More information can be found here:

https://github.com/wangdi2014/MotifMaker

Citation

pb-CpG-tools 1.1.0

pb-CpG-tools 1.1.0 can analyze CpG/5mC data from alignments between PacBio HiFi reads containing CpG information
generated by Jasmine and reference genome.

More information can be found here:

https://github.com/PacificBiosciences/pb-CpG-tools

Citation
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Pilon 1.22

Pilon 1.22 is a software tool which can be used to automatically improve draft assemblies. It significantly improves draft
genome assemblies by correcting bases, fixing mis-assemblies and filling gaps

More information can be found here:

https://github.com/broadinstitute/pilon/wiki

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237348/

Prokka 1.14.6

Prokka 1.14.6 is a pipeline that performs series of process automatically. At the end of the pipeline, It gives GBK files as
well as various types of files such as GFF3, SQN.

More information can be found here:

http://www.vicbioinformatics.com/software.prokka.sthml

Citation

https://academic.oup.com/bioinformatics/article/30/14/2068/2390517

eggNOG 4.5
EggNOG (Evolutionary genealogy of genes: Non-supervised Orthologous Groups) is a database of orthology relationships,
functional annotation, and gene evolutionary histories. It incorporates data from bacteria (COGs), archaea (arCOGs),

eukaryotes (KOGs), and viruses (viral OGs).

More information can be found here:

http://eggnog.embl.de

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4702882/
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InterProScan 5.34-73.0

InterProScan is a protein functional analysis tool that combines a variety of protein signature databases to identify
domains and motifs in protein sequences.

More information can be found here:

https://www.ebi.ac.uk/interpro/about/interproscan/

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3998142/

BWA 0.7.17-r1188

BWA is a software package for mapping DNA sequences against a large reference genome, such as the human genome

More information can be found here:

https://github.com/lIh3/bwa

Citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705234/

pbmma2 12.1

pbmmz2 12.1is a Minimap2 SMRT wrapper for PacBio data. Minimap2 is a sequence alignment program that can find
overlaps between long reads, or map reads to a reference genome, align assembly-to-assembly.

More information can be found here:

https://github.com/PacificBiosciences/pbmm2

Citation
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BUSCO 5.1.3

The Benchmarking Universal Single-Copy Orthologous (BUSCO, 5.1.3) can assess assembly quality by comparison
between predicted genes from genome assembly and near-universal single-copy orthologs DB. If assembly display higher
complete BUSCOs, the assembly could be regarded as assembly with good quality.

More information can be found here:

http://busco.ezlab.org/

Citation

https://academic.oup.com/bioinformatics/article/31/19/3210/211866

BLAST 2.14.0

The Basic Local Alignment Search Tool (BLAST, 2.14.0) finds regions of local similarity between sequences. The program
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

More information can be found here:

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Citation

https://pubmed.ncbi.nlm.nih.gov/2231712/

pyani 0.2.7
pyaniis an application for the whole genome classification of microbes using Average Nucleotide Identity (ANI). ANl is a
measure of similarity between two genomes. It is calculated by comparing the nucleotides in the genome. The higher the

ANI, the more similar the genomes are.

More information can be found here:

https://github.com/widdowquinn/pyani

Citation

https://pubs.rsc.org/en/content/articlelanding/2016/ay/c5ay02550h

Research use only 39



Circos
Annotated map was drawn by Circos 0.69.9

More information can be found here:

https://circos.ca/

Citation

https://genome.cshlp.org/content/19/9/1639
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0.69.9

40



Humanizing Genomics

macrogen
Report Reading Guide in Korean

K-mer Analysis

QSO K-mer2t 53 MY L0l K 3te| ZOIS TR i MEe| YEES 2I0[otH, K-mer count S HHEE 0IZBiA RS CheiHel
a w2t

7| % EM(Heterozygosity )2 in silico O =2 FH

Example of K-mer

Read 1 Read 2 Read 3
AAGGCATGCTAGCCT CGAAGGCATGGTAGC GAAGCCATGCTAGCC
AAGG CGAA GAAG
AGGC GAAG AAGC
GGCA AAGG AGCC
GCAT AGGC GCCA
CATG GGCA CCAT
ATGC GCAT CATG
TGCT CATG ATGC
GCTA ATGG TGCT
CTAG TGGT GCTA
TAGC GGTA CTAG
AGCC GTAG TAGC
GCCT TAGC AGCC
Kmers
(4-mers)

K-mer 242 HFst A A MA2kg ZH8L7]LE, de novo assembly2 FHE0{Z contigZt & BHE T =X| &9

Q8= ol =28 FLICh Ml

7|1&0]| HLE target species®| HEI}
0| 0] = total contig base2t H| w50
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US B2 0|E K-mer 24 Zute} H|wdto] 24 A|27t & X|SH=X

QK ZYo| YHES JHsohn UBLICE

=

i
£ giolst, de novo assembly 2t2
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De novo Assembly

Schematic Workflow of De novo Assembly

Genome

J/ Random fragmentation & sequencing
«& &
» & > & » <« » » » »
» <« » <« » <« €« <&
€ « » » » » &« &« &«
«€ <« J/

»

2 €&
R TR __
E >4 | > 2 &
o €0 » &
D &
E <

De novo assembly: 'from the beginning', 'anew'2| 52 LIEHH = 2HEIO| EH, ‘de novo'Oll A EIZHE 2 U= 0|

o= 2

A=rC=

(==

reference®| =2 210| DNA ME HEE 0[235t0] M SEE bottom-up WA OE RFA| X0t X[=E FEE ZZ 20|ELICL De novo assembly&
XIZNX| S XX 2 0| MEO|LL &, M8 S MER MET HZE QUM YL E LotLhy| I TIHsH, 1 A3t= XX 6%} annotation,

S|A| 7= HO| EHM S DNA MEE 08¢t ZE o719 27to] ELIC

Sequencing platformD}C} B|O|E{(sequencing reads)S A Atsh= @Al Ct2 1, read2| Z0|LE EM 0| It2} de novo assemblyS st WiH2
KpO|7F AR T, LM O 2= whole genome DNAE | &2t DNA tHH S Bh= 1, Zkzko| DNA BHH S sequencing 8t = 0| £ Z25t0] | XA
MBS Z Yot WA O R TIMEL|CE

Sequencing 22 7|£0| H|AX O 2 UM S0 = NGSE M Ast= read2| Z0|7t whole genome0]| H|SH Df < B 11, A At H| 2| 2X
stA|7t Z=xist7| mi20i|, Clo|E{2| EM 3t k2 12{st0] assemblerE ME{sH= Zd0| Z2EL|C

oln
2
il
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Algorithms of De novo Assembly

Overlap, layout, consensus assembly

1) Find overlaps

Read 1 Read 3
AAGGCATGCTAGCCT GAAGCCATGCTAGCC

Read 2
CGAAGGCATGGTAGC

3) Consensus

contig | CGAAGGCATGCTAGCCT |

Research use only
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Genome : CGAAGGCATGCTAGCCT

2) Layout
Read 2
CGAAGGCATGGTAGC

Read 1

AAGGCATGCTAGCCT

Read 3

GAAGCCATGCTAGCC
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De Bruijn graph assembly

1) Make kmers

Humanizing Genomics

macrogen

Genome : CGAAGGCATGCTAGCCT

Read 1 Read 2 Read 3
AAGGCATGCTAGCCT CGAAGGCATGGTAGC GAAGCCATGCTAGCC
AAGG CGAA GAAG
AGGC GAAG AAGC
GGCA AAGG AGCC
GCAT AGGC GCCA
CATG GGCA CCAT
ATGC GCAT CATG
TGCT CATG ATGC
GCTA ATGG TGCT
CTAG TGGT GCTA
TAGC GGTA CTAG
AGCC GTAG TAGC
GCCT TAGC AGCC
Kmers
(4-mers)
2) Build graph
({f\;\_ ‘(\3\“ > {G;;Ea‘, S {6;3_(;\\‘, 5 C_A‘—;\“ {{Q}G‘C\ \ S {/TES C;T\“ 5 |‘/('{C_T:\\ ) > |’/(_‘G \
N2 N2 2N 3,/*\ A2/ N2 N2/ ‘\‘E,K\

— — / A — s —— — —
(GoAR) s (o) (s () s () » (i)
LN N3 N3/ N2/ Y/

N — / \ A

. S . S L A

3) Walk graph and output contigs

. O & A
N2/ \2/ N2 N2
yd ™

B (3
NN

contig | CGAAGGCATGCTAGCCT |

R2c MY T}

rr

HIAlS ZF
o

_/'-- --‘\‘ '/'--7--'\‘ '/'--7--‘\‘ ’/'--7--‘\‘ /
(AAGC |, (AGCC) - (GCCA) -, [CCAT |

a|

= ’*&\</
f TG \

\\k 3} /

AN

= 2t assembler?| 22| E0f 2t CHEX| 2 CHHI 2 read 24| Hil= MY HEE golstH 2Hatst
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Z1=0| H2HX|7| Wi Z20ll, o2 K 2t2Z de novo assemblyE T8t = contig 7l <, total contig bases, N50 §& 112{5t0{ 7H& 207t ECta

HEE|= 2028 MSota ASLICH
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Contig

Contige 22l 'set of overlapping DNA segments‘E ZAGLLE de novo assembly0l| eHEE AL sequencing platformOflA] 4 A3t read 7t

AR = HEE 7|HO = 0|58 HAst =T MBS 2o|0|stH, HE 2 scaffolding(mate-pair library?t Z2 insert size7t 71 MEE 0| 83t0] &

7H Ol A2| contigE gap2 2 HASH= Eted) S £86HX| 2 =CHH de novo assembly= 0 THA[0A 2t E|7| Kf 20|, contig= de novo assembly

IO M MALE B2, =22 2| ZotE0|2tn 2 YELICE Sequencing platform, S HH[H EMof tl2t de novo assembly2| Z3HE0|

SEtx|7|of| RLhHQl 7|1E2 EXHSHR]| oLt HE £%|S S8l de novo assemblyZt H O|2O{FE=X| 7Hs8l £ = USLICEL

XEIS._F contig®| #=7} target M| chromosome =0l 2¥ &5, total contig bases7} target FHM|e| 37| (2 H|0] 1% Sl ol FE
SHA 371)0ll 7I7tE4-F, contige] max length7t 245 4 A1t} target FHM|2| whole genomes & WtEst QI & 4 AUFLICH

Schematic Explanation of N50 (Nx)

1,000bp assembled genome

50%
Contigs 200bp m 120bp 100bp m 90bp 85bp 80bp ﬁ M
200bp 350bp 470bp 570bp 665bp 755bp B840bp 920bp  970bp 1.000bp
30% of assembly = 300dp, N30=150bp

50% of assembly = 500dp, N50=100bp

90% of assembly = 900dp, N90=80bp

1 2|0f| = N50(or Nx)E S8 A= de novo assembly?| M EE -.—é%* £ A&LIC N500| 2t 2t =l contigE = 20|
ZEE XM OZ LS nf 1 20| FM| contig Z20]2] 50%(Nx2| A2 x%) 0|42 otEst= X|Ho| A 2] contige| Z0|
245 20|17} 2 contigZt T2 YHE AR FHY £ ASLICH

#=OZ LIEste] Z0|7t 2
£ ol0fst siE x| 7t
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Self-Mapping Analysis

Assembly Z1HE H7tst7| 2ol A assemblyofl A+2E|RH short read sequenceE de novo assembly Z 1 (contig £ 2 scaffold)ol|
mapping 5t0f Ct2 1t 22 =8 ALkt

Reference genome

A
3
% >4
]
g
S
k=
&
8
Breadth of Coverage (%)
Depth of Coverage

Depth of coverage (0[5t depthE H7|)& reference2| £ H7| 2| Xl0ll, 2 7H2| read7t mappingOl ==X E 2|0|ELICEL 0| 0] 100X
EH 7| 2IXlofl 2|=7} 100 #HEst0o] A|HME[JCHE WS LIEINH, average depth7t 3CH= 42 =&IEl R MA| ChH| dataZt 20| MME[ASS
o|ojgtL|ct, YLt O Z de novo assembly £ 2l = A 37| thH] 80-150X M=2| A|# Al C|0|E] MAtS AESHD JA&ELICE 0] = 80-150X
HEo| deptht ZFEIUS m, AIZA of[2{ Z QI8H LUMEt= de novo assembly H2{E &X|5t0] EA0M £2 etz o M= S eEE 4 Q1Y)
uf2eiL|ct, sHX| 2 200X O|Ate| X|LEX|A| &2 depth7t SEE|A| E|H, SO = A2 A 02| baseE T2& 4 27| £[7] B{20i de novo assemblyd]|
Sl &S 0%[7| = FLICh

Breadth of coverage

ol
AN

o

Breadth of coverage(0l3} coverage2 ®7|)= mapping0| 0|20{Zl short read7t 4| de novo assembly Z3t5 0| HE 7{H{st
LIEHH ~X| 2, coverage 20| 245 de novo assembly Z21t0| ¢ B2 F0| 0jX|=[UCt= 20| IL|C}. Depth7t 1X 0] &l FHE 2
ZA32E de novo assembly A1t H| 80 %2 Al Aot 0 QELICE

x|

o rjr
i

t

ANk

I

Insert Size

InsertZt A|2 40| 0|20{Zl 2to|E2{Z|ofl M O{RE] MBS HH et 222 paired-end read(R1, R2)2t 1 AL0|9] inner mate FHOE 74| 0]
UA&LICE 2 2M0ME= mapping 2225 Inserte] 27| Al M3 = 2to| 22{2] H|ZFoi| ALE S DNA £HEO| Zio| ot H| st &LICt

De novo assembly7t & O| 20{ZCHH, insert size7t DNA THH 3 7|9t QAL Z10|H 0| 27 Z de novo assembly?| gtH £ S ThCHgh &~
UELICH Yol AL paired-end 20| 22{2|2| insert= 350-450bp At0|2| WRZtS 7HXIH, BEE M 2Xe| Yel2 2XstA gLct

Adapter 1 § Insert ¥ " Adapter 2

€

|Re:12

Inner Distance

Insert Size
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BUSCO Analysis

De novo assembly 24 Z3tE II517| 2|8 BUSCO (Benchmarking sets of Universal Single-Copy Orthologs) 24 & Fdist ¥ &LICt
BUSCO 2412 de novo assembly Z20f|A in silico WHOZ KFTAIE 0f|=£8 = £EZ taxon levelo|M B o2 EX|sHof 5tz FTAIIL O =FE
X} Liof| ZotLt =XsH=XIE orthoDBO|| 27{5t0{ TEtstH= B lL|Ct

In silico ¥HO = 0f| £3t RHXI2t orthoDB &2 REXIS| AL E Sl FTXIE 2F/6HH, orthoDB | EE stLto| 0% RHXLet 79
UX|5tH 'Complete and single BUSCOs', 52 0| & XXt 72| 2 X|5tH 'Complete and duplicated BUSCOs', 0% | Aot 2 M STt
H|%5H 'Fragmented BUSCOs'Z 27 5HH, orthoDB 0= ZMst= RTXAI7E 0| F KT LAE|X| 22 H 'Missing BUSCOs'=
2FELCE

Complete BUSCOs £=X|7} #245 de novo assembly7} & E|{Ct11 THEtsiH, AHIE O 2 = 90% 0| 42| Complete BUSCOs 4=X| & LIEHLHH
de novo assembly Zat7t SCta Thetstn QUEL|CH CHof, 22 ME0 ™A 742|7F H Y2 F2| 22 de novo assembly quality2t 27g10]
Complete BUSCOs X7} ¥ & QU&LICH

BUSCOs 242 bacteria level EE= eukaryota leveloi| CHs{ A ZH Z 1t 2 & 38 =2|1 UASLICE

Gene Prediction and Annotation

FHX} 0= % annotation2 HEEl R X =& 7|8t = HHHAS FHSH= RTXI non-coding RNA= 2 =H EH 1 20| functional
element2AM2| EME KL= MBS =tolsta, slieh MHo| ofet W2t 7|53t HEtE|of J=X] 0| EFst= 24 20| L Ct

Adtx o 2 IHME o] QAL 0| Z0f|= ProkkaS AF2EILICL Prokka= ISfinder, NCBI Bacterial Antimicrobial Resistance Reference Gene
DB, UnitProtkB DB, HMM DBE HIEIC 2 2M S TIHsIH, ofzf{ 2] £ 0|835t0 Zt functional elementE 0| Z&LICE

Software Role
Prodigal CDS prediction
RNAmmer rRNA prediction
Aragorn tRNA/tmRNA prediction
SignalP Signal leader peptide prediction
Infernal Non-cording RNA prediction

ProkkaE Sdll 0% & ™A= InterProScandt EggNOG DBE 3l functional annotationS ZI#stA| ELICE InterProScan2 HHHE S
families level2 £33t 0|% DBO| S5 =0[2!(Pfam, CDD, TIGRFAM 5)2 tHAOE A S TI35L0] ProkkaOl|l M 0| Z &l T2 ofE
QIS 7HX| 1 A=K E of|Zsh FLICE EMBLOIA XM Z3H= EggNOG DBE COG DB A HEHZ | HXLE 7|50 w2t 2F st O E2| RtAst
functional annotation2 X &3t Q= O|0|E HIO|ARL|CE X 3|= psi-BLAST £ S8l A protein M E S EggNOG DBO| 0HX|5t0{ Prokkaoi| A
Ol =gl FXI9| 7|52 annotation 8t Y&LICE
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