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Case Study 1 | Gene Discovery
Patentable gene for pesticidal resistance thro

Case Study 2 | Strain Engineering
Discover mutation in a gene through SNP variant

Case Study 3| Microbial Discovery
Understanding of Coronavirus of interest

Loci Overview
Karyosoft’s genomics data analytics and management platform

Benefits & Value .
For Scientists; For Organizations ‘

Summary




Case Study 1
Gene Discovery

Discovery of a patentable pesticidal gene(s) from
private bacterial collections and their novelty

Querying public data because of data privacy

Mine the patent database

é _
‘ \\,.( ' 23 Data dispersion over many repositories both
X \§ > within and outside of organizations

TESTS 3 _ 4!q

S X

P

No immediate availability bioinformaticians due to a lot
of backlog work supporting various projects

Note: data source from NCBI



U Typical Workflow

Study 1 NelRiE Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty
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Lab work

Sample Genome Assembly & Data access Microbial Iﬁ Downstream
preparation Sequencing Annotation and Mining Discovery




CEN Typical Workflow

Study 1 ReleyE Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

j
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FEE NN

Lab work

Sample Genome Assembly & Data access Microbial Iﬁ Downstream
preparation Sequencing Annotation and Mining Discovery




U | oci in your internal workflow
Study 1 NefeBI® Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

Sample Genome @ Assembly & Atce“tf'a'd : Microbial Downstream
preparation Sequencing Annotation L i Dlscovery Lab work
access and mining

O

ln(efrated
Visualization,




I | ogin to Loci within your secured environment
Study 1 Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

Loci HOME GENOMES GENES PROTEINS BLAST MY TASKS ‘ eLOGIN ‘ @HELF

Login

Email

rajeshpn@karyosoft.com




Data management of WGS data of all bacteria within your secured environment
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

GENOMES GENES PROTEINS BLAST MY TASKS © RAJESH PERIANAYAGAM @HELP
b
Summary of Data
Pulilic Private . ; . .
Top Public Genome Collections Top Private Genome Collections
Nlox Genones 133030 454 BN NCB! GENOMES N PRIVATE Bt [ PRIVATE_Spinosa
Num. Protein Coding 504433943 2867832
Genes
Num. tRNA Genes 7920137 39296
Num. rRNA Genes 812954 4257
Num. ncRNA Genes 358443 962
Num. Proteins 504405846 2867832
Top Species in Public Collections Top Species in Private Collections

12893

9672 363
§ » I I I :

Count
~n
&
~N



O i) How many pesticidal genes are in private collections?
Study 1 Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

Loci HOME GENOMES GENES PROTEINS BLAST MY TASKS e RAJESH PERIANAYAGAM @HELF‘

Enter gene name, ID, species, genus, class, etc
pesti

pesticidal crystal protein cry1Ba (descripliun)ﬁ{@r
pesticin immunity protein (description) N

pesticidal protein Cry5Aa (description) :—@

pesticin (description) )
pesticidal protein Cry26Aa (description) @
Select collections to search in: @

[C] All Public Collections All Private Collections
[ Public_1 Private_1
[[] Public_2 Private_2

Search for the genes by description



Case

Study 1

i) How many pesticidal genes are in private collections?
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

Loci

HOME

GENOMES GENES PROTEINS BLAST MY TASKS

Enter gene name, ID, species, genus, class, etc.

G
pesticidal crystal protein crylBa € pesticidal protein Cry5Aa €3 pesticidal protein Cry26Aa €

Select collections to search in

[] All Public Collections All Private Collections

[] Public_1 Private_1
[7] Public_2 Private_2
Filter Results
Selected D Type Description Species Assembly Collection Length (bp)
GCF_000161515.1_gene6250 protein_coding pesticidal crystal protein cry1Ba Bacillus thuringiensis GCF_000161515.1 Private_1 3687
GCF_000177735.1_gene3770 protein_coding pesticidal protein Cry5Aa Acinetobacter baumannii GCF_000177735.1 Private_1 276
Items per page: 10 ¥

Discovery of 2 pesticidal genes in their private collections

@ RAJESH PERIANAYAGAM (D HELP

Download FASTA - All Genes
Download FASTA - Selected Genes
Download CSV - All Genes

Dewnload CSV - Selected Genes

Num. results: 2

Analysis

Browse
BLAST
Download
Browse
BLAST



ii) Are cry1Ba and cry5Aa genes in private collections patentable?
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

HOME GENOMES GENES PROTEINS BLAST MY TASKS

>GCE_D00161515.1_gene6250  pes
TTGACTTCARA AAAAATGAGAATGARATTATAA. G
TGCTCGTATTGAGGATAGCTTGTGTATAGCCGAGGGGARCAATATCGATCCATTTGTTAGCGCATCAACAGTCCAARCGG

my Lo

crylBa
ATTCCGCACAAATGGAT

mylecigene;

35.1_gene3770  pesticidal protein Cry5Aa  MyLociAttributes=[mylocidb=G
ACCTTATGCTCTTGGCATTAGCT TGATTGCTATCACAATCTCTATGTTGCTTTGCCTT TTTCGAATGGT
CCTACTAGCGCTTGATACCCTATTTTTARATGCG TATTGTGITAG

000161515.1_mylocig

=EndMyLc

Attributes

@ RAJESH PERIANAYAGAM

Select Pre-formatted Databases - OR - Custom Databases

Pre-formatted Databases Custom Databases

Nucleotide Databases

[C] Genes - All Public Collections

[[] Genes - All Private Collections
[[] Genomes - All Public Collections
[[] Genomes - All Private Collections
[] NCBInt

|:| NCBI env_nt - Nucleotide Sequences from Metagenomes

NCBI Patent Nucleotide Sequences

&

D NCBI Bacterial and Archaeal 16S rRNA Sequences

Select a Program

c:‘-' @® blastn (nucleotide query, nucleotide database)
() tblastn (protein query, nuclectide database)

Optional
Task Name

MultiBLAST Cry.”

Protein Databases

[] Proteins - All Public Collections

[] Proteins - All Private Collections

[J NcBiInr

[[] NCBI env_nr - Protein Sequences from Metagenomes

|:| NCBI Patent Protein Sequences

O blastp (protein guery, protein database)

Q blastx (nucleotide query, protein database)

(@HELP




«LC i) Are cry1Ba and cry5Aa genes in private collections patentable?
Study 1 Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

HOME GENOMES GENES PROTEINS BLAST MY TASKS e RAJESH PERIANAYAGAM @HELF‘

Filter Results °

Task Name Task Type Time Status Results
CryBt_BLAST_Public data blastn 5/14/2020, 5:32.13 PM Complete Click here
MultiBLAST_Cry_Patent blastn 5/14/2020,11:19:46 AM Complete Click here @
Task_202 blastn 5/14/2020, 10:25:33 AM Complete Click here
Task_201 blastn 5/14/2020, 10:25:04 AM Complete Click here
MultiBLAST_Cry_Patent blastn 5/14/2020, 10:19:32 AM Complete Click here
Bt_BLAST blastn 5/13/2020, 10:59:22 PM Complete Click here
Task_198 blastn 5/13/2020, 4:36:26 PM Complete Click here
Task_197 blastn 5/13/2020, 4:35:37 PM Complete Click here
Task_196 blastn 5/13/2020, 4:35:20 PM Complete Click here

ltems perpage: 10 ¥ 1-100f41 ¢ >

A user-specific library of all previous jobs for future reference



ii) Are cry1Ba in private collections patentable?
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

T Dermréaad FASTA - All Hits
GCF_ID0161515.1_penes 250 pesticids eryst . -

Ooerécad FASTA - Selected _

Graphical Overvew Oomriand CSV - Ad btz

GCF_000161515 1_gene6 250 pesticidal crystalprotes _(Length 3687)

Damriaad CSV - Selected Hils

Selectea Secuenca ID Description

M Seore Eovalu Query Covarigh Downlosd
o abi4z10301 Sequence 1 from patent US 5626995 36810 oo 00 £t Download
o biI7o131 Sequuence 3 1rom pa1ent US 5679343 14770 e -“ ksl Download
O gbiI3ETE0.1| Sequence 3 fram patent US 5616319 14770 L1 @ 95 Download
O bluIIST1| Bacillus thuringiensis deRa-endotozin CryET (cryET1) gene, complete cds 9720 L) 40 Ll Download
O blIT30401| Sequence 1 fram patent US 5656069 9620 L) » Ll Download
O bl T609.9] Sequence 4 fram Paiend US S407A25 9620 L) » Ll Download
O embiAZ7529.1] B.thuringlensis PS31AZ endutaxin gene 950.0 L) » Ll Download
O PEEE AT Sequence 1 fram patent US 5679343 BBAD L) a0 6 Download
O gbiI3ETSA| Sequence 1 fram patent US 5616319 BBAD L) a0 6 Download
O dbjlEDOERY. 1] DA encoding insecicidal protein 9.0 L) » 2 Download

mems perpage: 10~ 1-100f 100 ,

>T42103.1 Sequence 1 from patent US 5628995  WyleciAtiributess(nylacidh=nchi_patnt; J=EndylociAttributes
Lengtnesors

Seare = 6748 bits (3681), Expect = 0.0
Identities = JGES/IGHT (95%), Gaps = 0/2687 (9%)
St rami=Plus/Flus

Query 1 TTGACTT TTATAAATGC TCCGEA 68
[ T
Shjct 186 TTGACTICAAATAGGARAAATEAGATGAAATTATARATGCTGTATCGAATCATTECGEA 245

Query 61 CMATGGATCTATTACCAGATGCTCGTATTGAGGATAGCTTGTGTATAGCCGAGGRGARC 120
e T
SHICT 746 CAAATOOATCTATTACCAGATGUTCGTATTGAGGATAGCTTGTGTATAGLCRAGGIGARL 305

Query 121 AATATCGATCCATTTGTTAGCGCATCAMCAGTCCARMCGRETATTAMCATACTGETAGE 180
TR e AT
Sbjct 306  ANTATTGATCCATTTGTTAGCGCATCAACAGTCCARACGEGTATTIAACATAGCTGETAG 385



Case

Study 1

GENES PROTEINS

GCF_000161515.1_gene6250 pesticidal crystal protei.

GCF_000177735.1_gene3770 pesticidal protein Cry5A:

-

BLAST

)

Graphical Overview

Query: GCF_000161515.1_gene6250 pesticidal crystal protei

ii) Are cry5Aa in private collections patentable?
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

(Length; 3687)

Weaker hits ——ironger fits

e RAJESH PERIANAYAGAM

0 00 000 1500 2000 2500 3000 a0
Filter Results

Selected Sequence ID Description Max Score E-value Query Coverage % Identity Download
gb|142103.1 Sequence 1 from patent US 5628995 3681.0 0.0 100 99 Download
gb|170138.1| Sequence 3 from patent US 5679343 14770 0.0 49 93 Download
D gb|138760.1 Sequence 3 from patent US 5616319 1477.0 0.0 49 93 Download
[} gblU31527.1] Bacillus thuringlensis delta-endotoxin CryET1 (cryET1) gene, complete cds 972.0 0.0 40 88 Download
a gb|173040.7| Sequence 1 from patent US 5686069 962.0 00 39 88 Download
|:| gbl111609.7| Sequence 4 from Patent US 5407825 962.0 00 39 88 Download

1

(@HELP



&L iii) Is cry5Aa gene in private collections novel?
Study 1 Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

@ RAJESH PERIANAYAGAM  (HELP

HOME GENOMES ENES PROTEINS BLAST

Select a query sequence

GCF_000177735.1_gene3770 pesticidal protein Cry.. ~

Graphical Overview

Query: GCF_000177735.1_gene3770 pesticidal protein CrySAa... {Length: 276)

Weaker hits SSSS—— Sironger hits

60 a0 100 120 0 160 180 20 220 20 260

Filter Results

Max Score E-value Query Coverage % Identity Download

Selected Sequence ID Description

Items per page: § - 0of0 < >

sxkek No hits found seersx

Lambda K H
1.33 0.621 1.12

Gapped
Lambda K H
1.28 0.460 0.850

Effective search space used: 100528182454

Database: e607f30e90ead2claba’c93970a7d802
Posted date: Apr 23, 2018 10:58 PM

Number of letters in database: 30,036,802

Number of sequences in database: 99,138 ¢

Matrix: blastn matrix 1 -2
Gap Penalties: Existence: @, Extension: 2.5



Case

Study 1

iii) Is cry5Aa gene in private collections novel?

HOME GENOMES GENES PROTEINS MY TASKS

pesticidal cry crylBa  MyLociAttribut
ARATTATAAATGCTGTATCGAA! GCACAAATGGATCTATTACCAG

>GCF_000161515.1_gene6250

TTGCTGGAC.

TTTATTGTAGATAGCGTGGAATTACTCCTCATGGA

ry5aa

ATCTCTATGTTGCTTTGC

000177735.1_mylocigene; ] =EndMyLs

TTTAAATC

CTGT

TCGCTATGCTAGGGTTTGTTT!

' 000161515.1_mylocigene; ] =EndMyLociAt

i
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

ESH PERIANAYAGAM

Select Pre-formatted D: - OR - Custom Datab

£ d Custom Datab:

Nucleotide Databases

C;‘-' Genes - All Public Collections
[] Genes - All Private Collections
C?_" Genomes - All Public Collections
[C] Genomes - All Private Collections
C&" Enesint
C?—_. NCBI env_nt - i from

[C] NCBI Patent Nucleotide Sequences

NCBI Bacterial and Archaeal 16S rRNA Sequences

&

Select a Program

@ blastn ide query,
O tblastn (protein query, nucleotide database)

Optional

Task Name @
CryBt_BLAST_Public data

Protein Databases

[] Proteins - All Public Collections

[[] Proteins - All Private Collections

] NCBInr

D NCBI env_nr - Protein Sequences from Metagenomes

E] NCBI Patent Protein Sequences

QO blastp (protein query, protein database)

QO blastx (nucleotide query, protein database)

(@HELP



HOME

‘GENOMES

Select a query sequence

GCF_000177735.1_gene3770 pesticidal protein Cry... ~

GENES PROTEINS

BLAST MY TASKS

Graphical Overview

Query: GCF_000177735.1_gene3770 pesticidal protein Cry5Aa

iii) Is cry5Aa gene in private collections novel?
Goal: Discovery of a patentable pesticidal gene(s) from private bacterial collections and their novelty

(Length; 276)

Weaker hits ISSSS—_— S onger his

e RAJESH PERIANAYAGAM

(DHELP

Download FASTA - All Hits

Download FASTA - Selected Hits

Download CSV - All Hits

Download CSV - Selected Hits

LR @ 9 o @ 2@ © & © @ e 6 .
Filter Results
Selected Sequence ID Description Max Score E-value Query Coverage % Identity Download
D refINZ_AMHS01000055.1] Acinetobacter baumannii AB_2009-04-01-7 AB_2009-04-01-7_56, whole genome 2700 864073140 100 99 Download
shotgun sequence
ad GCF_000301955.1_gene2736 pesticidal protein Cry5Aa 270.0 864073140 100 99 Download
i i A 4 1
O eINZAMHGOT000115.1 Acinetobacter baumannii AB_1650-8 AB_16506_116, whole genore shotgun 201438 160 o Somnlond
sequence
D GCF_000301255.1_gene3194 pesticidal protein Cry5Aa 267.0 4.02014e-138 100 98 Download
D ref[NZ_ASFI01000064.1] Acinetobacter baumannii T620546 AB_TG20546_65, whole genome shotgun 264.0 1.87039-136 100 o8 Download
sequence
D GCF_000453905.1_gene2412 pesticidal protein Cry5Aa 264.0 1.87039e-136 100 98 Download
O efINZ_APBEO1000002.1| ABNIH Whole genome shotgun 264.0 1.87039¢-136 100 o8 Download
sequence
O GCF_000354075.1_gene241 pesticidal protein Cry5Aa 2640 1.87039¢-136 100 o8 Download
" 15 2
D ref[NZ_APBDO1000002.1 ABNIH whole genome shotgun 264.0 1.87039%¢-136 100 98 Download

sequence



Case Study 1
o Discovery of a patentable pesticidal gene(s) from
O n C u S] O n S private bacterial collections and their novelty

There are 2 pesticidal genes (Cry1Ba and Cry5Aa) in

(2 s o R their private collections

Out of these 2 genes, Cry5Aa is not patented and a
novel gene - a valuable information

Scientists can decide to allocate and prioritize lab
resources for both genes or one

Helps the scientists by accelerating their valuable
gene discoveries

N
e s

Note: data source from NCBI



Discover mutations in ribF* gene of E.coli
strain 1 and compare it with 3 other
strains

*Bifunctional riboflavin kinase/FMN adenylyltransferase;
Catalyzes the phosphorylation of riboflavin to FMN followed by
the adenylation of FMN to FAD

1) Lack of user-friendly visualization
tools or availability of stand-alone tools

2) Too many files to mine to discover a mutation;
Labor intensive Process

3) No immediate availability bioinformaticians due to a
lot of backlog work supporting various projects

Case Study 2
Strain Engineering

Note: data source from NCBI



XS Loci in your workflow
SN Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

ise or cloy,
Q@‘“ ds e,.b
% @,

Sample Genome @ Assembly & Atce”tf'a'd : Microbial @ Downstream
preparation Sequencmg Annotation L i Dlscovery Lab work
access and mining

B‘ ‘M Integrated
O Analyncs

Gff3 i eew §
Ref. SNP variants 4




Case Data management of WGS data of multiple organisms within your secured environment
N Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

Locl ‘ HOME | GENOMES GENES PROTEINS BLAST MY TASKS @ RAJESH PERIANAYAGAM (DHELP
Summary of Data Top Public Genome Collections Top Private Geneme Collections
Public Private I Bacteria M Archaca [ Plants I Protozoa [ Virus Fungi
Num. Genomes 22 30
Num. Protein Coding Genes 102,905 44,885
Num. tRNA Genes 2410 2,530
Num. rRNA Genes 733 816
Num. ncRNA Genes 1 83
Num. Proteins 29,425 98
Top Species in Public Collections Top Species in Private Collections
9
6
= =
5 3
5 3
3 o
| .
. L . - - -
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& 990 N @ o & i
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Case

i) Searching for the E.coli reference genome

Study 2 Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

Locl HOME | GENOMES ‘ GENES PROTEINS BLAST MY TASKS

@ RAJESH PERIANAYAGAM  (DHELP

Escherichia coli (species)
Escherichia (genus)

Escherichia (genus)

Escherichia coli (species) @




Case

Study 2

Loci

HOME

GENOMES

GENES PROTEINS BLAST MY TASKS

Enter strain name, species, genus, class, etc.

i) Searching for the E.coli reference genome
Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

) RAJESH PERIANAYAGAM (PHELP

Download CSV - All Genomes

Download CSV - Selected Genom...

Escherichia coli €

Num. results: 2
Filter Results Species, Intraspecies Name, Collection Name, Genome Size, Number of Genes, ... ~

O Assembly @ Species @ Intraspecies Name @ Collection @ size(Mb) @ Num. Genes @@ Num. Proteins @ Analysis @

Browse
‘:\ GCF_000005845.2 Escherichia coli K-12 substr. MG1655 NCBI_GENOMES 4.64 4419 4240 BLAST

Download

Browse
D GCF_000005845.2 Escherichia coli K-12 substr. MG1655 NCBI_GENOMES 4.64 4419 4240 BLAST

Download

Items per page: 10 M 1-20f2 < >




&L i) E.coli Reference sequence track
Study 2 Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

GENOMES GENES PROTEINS BLAST MY TASKS e RAJESH PERIANAYAGAM @ HELP

Genome

Available Tracks Track View Help oo Share

B !" 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000 4,500,000

Q Qy Qe\ NG_000918.3) » | NG_000913.3:14485..14590 (106 b) Go |8

14,500 14,525 14,550 14,575

K filter tracks

genes
* Reference sequence 1

O Referenicesequence * | v | R | R | A | ¥ | L | T | ¥ | A | T | T | W |5 |s | P | S |K|K|L|¥ |V |4
: e _ R | a | A& | R [ & | & [ D |t | R | ¥ |« E | L |t | L |E | & | &A| v |R]|G

Reference sequence




IO i) Adding Gff3, Vcf and BAM files

UGN Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

GENOMES

GENES PROTEINS BLAST MY TASKS

@ RAJESH PERIANAYAGAM  (D)HELP

Available Tracks
Xiilte

Genome  Track View

500,000

Help

1,500,000 2,000,000 2,500,000 3,000,000 4,500,000
@ E)) @\ Qi Q NC_000913.3) v || NG_000913.3:18051..25700 (7.65 Kb) Go
genes
18,750 0.000 1.250 500 3,750 5.000
~ Reference sequence i
Reference sequence Zoom in to see sequence Zoom in to see sequence Zoom in to see sequence Zoom in to see sequence Zoom i to see sequence Zoom in to seq
Reference sequence
Open files x

Add any combination of data files and URLS, and JBrowse
will automatically suggest tracks to display their contents.

Local files Remote URLs - one per line
Select Files... hitp:/jpaste.urls here/example bam

Select or drag files here.

-
Files and URLs

index »

index| -

index| -

index| -

3
T e

EEEEREEE

MOHHHH KA KX

o]
ElE]

coli_Variants.gff3.

BamSteaint | Alignments2 | [ Edit Configuration
Alignments2 | » | Edit Configuration
Edit Configuration

Edit Configuration
FF3 E.Coll genes CanvasFeatures| v | Edit Configuration
FF3 E.coli Variants CanvasFeatures| » | Edit Configuration

Open immediately () Add to tracks

X Cancel || Open




— o

ii) Search for ribF gene
Goal: Discover mutations in ribF gene of E.coli strain 1

and compare it with 3 other strains

GENOMES PROTEINS

BLAST MY TASKS eRAJESH PERIANAYAGAM @ HELP
Available Tracks Genome Track View Help @0 Share
K filter tracks 2,000,000 2,500,000
al tracks 6 Q Qg QQ [NC_000913.3) + || ribF [Gol ||
GFF3 E.Coli genes 15000 Cp 20,000 25,000
g;;};;%:vmanu ! Reference “"l“‘"?ﬂ ence Zoom in to +e sequence ‘ Zoom in to +e sequence ‘ @ in to +e sequence | Zoom in to +e sequence Zoom in to +e sequence
GFF3 E.Coli genes e e e e e T e AW N R
~ genes N o o TR ke T ek ey e — R
v Reference sequence 1 F ;af Eﬂc
Reference sequence
GFEA Foll ¥aglants, snpA  snpA Isnp A snpG  smpC an G snp A ‘snp T Isnp A smp T snpA  snpA  complex AACT ‘snp T snpC Isnp T smpA snp T ‘snp G
an c ‘snp G ‘snp T ‘anp A complexGA  snp G snp T snp G snpT snp T snp A snpG  snpC snpC snp T snp G snp A complex CGAT snpT  snpT
spT  snpA  complex ACTGGGT an T snpC Isnp G ‘snp c snp A spC ‘mmp\ex CGCTGTA ‘snp T Isnp T sp G snpT snp C anplex AGGG
complex CCGC snpC Isnp A snpT ‘snp A ‘snp T snpT complex GGGC snp G complex AAG  snp T snpT  snpT complex TAGTAC snpA  snp A Isnp A Isnp T
complex TGCT  snp G Isnp T an T spT smpG snp A an T snp A Isnp T Isnp T ‘Ins c snpC an T complex AGCA
anp\ex TGGT snpC  snpA an T snp A an G ‘snp c snp C sopT  snpG  smpC snp G complex TAGG
snp G ‘sin Isnp G snpT spT snp A Isnn A snpT snpT
snp C ‘snpc Isnp T snp G anA snpT snpT
snp A complex CCGT complex CAGA Isnp T
snp A an A an T snp T
‘snp T ‘wmp\ex AC
snp
complex AAMACCGT
snp G
complex CTG
snpT
Ioumplex ACCC
complex GGCAGTG
snp G
an G
Max height reached Max height reached Max height readtsriC
© BAM Straini




Case

Study 2

Available Tracks

XKritter tracks

iii) ribF gene
Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

HOME

 Local tracks

{8 GFF3 E.Coli genes
(@ GFF3 E.coli Variants
% BAM Straint

(£ BAM Strain2

(£ BAM Strain3

[ BAM Straind

(@ genes

~ Reference sequence

[ Reference sequence

BLAST MY TASKS

Genome  Track

View  Help

@ RAJESH PERIANAYAGAM

(DHELP

o Share

NC_000813.3 | ribF

HGnL&

) Reference sequence

|22 GFF3 E.Coli genes

» GFF3 E.coli Variants

"

)
£
2
:

T

0 see sequence

snp T

Zoom in to see sequence

Zoom in to see sequence

snp G

Zoom in ta see sequence

F

‘snpﬂ




IO iv) Details of ribF gene
SN Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

GENOMES GENES PROTEINS BLAST MY TASKS e RAJESH PERIANAYAGAM

View

500,000

Available Tracks Genome  Track Help

X
v Local tracks 6 ‘mRNA ribF % |C_000913.3:21220..22528 (1.31 Kb)
22,000 22250 2,500

4,500,000

3,000,000

4,000,000

1,500,000 2,000,000 2,500,000

GFF3 E.Cali genes 1.250
‘GFF3 E.coli Variants
BAM SRR11616626.

BAM SRR11616636. Name ribf
BAM SRR11617149
BAM SRR11617886 GFF3 E.Coli genes Type mRNA lleS

Primary Data

Reference sequence., | (o seq] fe om in to see sequence Zoom in to see sequence

genes Position NC_000913.3:21407..22348 (+ strand)
~ Reference sequence 1 Length 942 bp

GFF3 E.coli Variants snp C

o
it

Reference sequence snpG

Attributes
dbxref ASAP:ABE-D000091 ~ ECOCYC:EG11079  EcoGene:EG11079  GenelD:949129
gbkey Gene
BAM SRR11616628 id RNA-bO02S
locus_tag b0025
mrna_biotype protein_coding
mrna_name ribF :
mrna_synonym ECK0026  yaaC
mrnaid mRNA-b0025
protein_id NP_414566.1
seq_id NC_000913.3

source RefSeq

Region sequence
(] FASTA @

>NC_000913.3 NC_000913.3:21407..22348 (+ strand) class=mRNA
length=942 -
ATGAAGCTGATACGCGGCATACATAATCTCAGCCAGGCCCCGCAAGAAGGGTGTGTGCTG
ACTATTIGGTAATTTCGACGGCGTGCATCGCGGTCATCGCGCGCTGTTACAGGGCTTIGCAG i
AAGAAGGGCGCARGCGCAACTTACCGGTGATGGTGATGCTTTTTGAACCTCAACCACTG
GAACTGTTTGCTACCGATAAAGCCCCGGCAAGACTGACCCGGCTGCGGGARARACTGCGT }
TACCTTGCAGAGTGT TT TTACGTGCTGTGCGTGCGTTTCGACAGGCGTTTCGCG }

]

1

i

GCGTTAACCGOGCARAATT TCATCAGCGATCTTCTGETGARGCATT TGCGCGTARARTTT
CTTGCCETAGGTGATGATT TCCGCTT TGGEGCTGETCGTGAAGECGATT TCTTGTTATTA
! CAGAARGCTGGCATGGARTACGGCTTCGATATCACCAGTACGCARACTT TTTGCGAAGGT
- GGCGTGCGCATCAGCAGCACCGCCGTGCGTCAGGCCCTTGCGEATGACAATCTGGCTCTE |

T Subfeatures
Primary Data

Name NP_414566.1
- Max height MEEHeigtrsached Max height reached
Type cos
BAM SRR11616636 i




SN V) Reference SNP details
SN Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

GENOMES GENES PROTEINS BLAST MY TASKS eRAJESH PERIANAYAGAM @ HELP
Available Tracks Genome Track View Help oo Share
X filter tracks
Lot vacs EI= N o1« | [l &
B

19 GFF3 E.Coli genes
1 GFF3 E.coll Variants
5 BAM Strain1

) BAM Strain2 ‘

5 BAM Strain3

1 BAM Straind |/2% GFF3 E.Coli genes

& Reference sequence 0 see sequence Zoom in to see sequence Zoom in to see sequence

15 genes
= Reference sequence

* GFF3 E.coli Variants
9 Reference sequence

5 BAM Straini




«LC Vi) ribF gene variation among 4 E.coli strains
Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

Study 2

GENOMES GENES PROTEINS BLAST MY TASKS

(@ RAJESH PERIANAYAGAM (DHELP

Available Tracks Genome Track View Help @0 Share

X fitor tracks \d X 000, Y X 2,500,000 3,000,000

= Local tracks. .3 » || NC_000913.3:21666..21993 (328 b) lGo | &
e

[ GFF3 E.Coli genes 1,850 1.900
& GFF3 E.coli Variants

(5 GFF3 E.Colf genes.

@ genes
~ Reference sequence

) GFF3 E.coli Variants
Reference sequence
a

© BAM Straint




&S vii) Correlating the mutation to amino acid change instantly
Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

Study 2

GENOMES GENES PROTEINS BLAST MY TASKS @ RAJESH PERIANAYAGAM (DHELP
Available Tracks Genome Track View Help o0 Share
X filter tracks g 1 X 2,500,000 3,000,000 3,500,000 4,500,000

~ Local tracks NG_0009133| + || NG_000313.3:21742. 21817 (76 b) Go| [ ]
21
1 GFF3 E.Coli genes 800
g gm;;;ml‘ Variants © 'heterSRES S8 ence S H s a L a L v v
1 BAM Strain2
€ BAM Strain3
5 BAM Straind

19 genes
~ Reference sequence
1 Reference sequence

| fo-GFF3 E.Coli genes |

) GFF3 E.coli Variants ‘

5 BAM Straint

) BAM Strain2




&L viii) Sharing the results among colleagues
SUCWAN Goal: Discover mutations in ribF gene of E.coli strain 1 and compare it with 3 other strains

Loci HOME GENOMES GENES PROTEINS BLAST MY TASKS

O RAJESH PERIANAYAGAM (DHELP
Available Tracks Genome Track View Help

@D Share
A filter tracks q 1,500,000 2,000,000 2,500,000 3,000,000
Local tracks

(S>> Q Qy QQ [NC_000913.3] - | NC_000913.3:21716..22045 (330 b)
GFF3 E.Coll genes 21 1 21 21
gGFF! E.coli saﬂanu = o R 0

1 BAM Straint

) Reference sequence
%) BAM Strain2
{2 BAM Strain3
€ BAM Straind

5 genes | fe-GFF3 E.Coli genes

Reference sequence
GFF3 E.coli Variants
{5 Reference sequence

3 BAM Straint

Paste this link in email or IM




Case Study 2
[ J
Discover mutations in ribF gene of E.coli strain 1 and C l
compare it with 3 other strains O n C u S] O n S

1) There are 8 mutations in the ribF gene by
comparing multiple strains

2) One of the mutations clearly differentiates strain 1
from other strains

Able to correlate the mutation at the nucleotide
level to amino acids and thus protein level

The scientist can easily share the discovery with
other colleagues

In addition to FASTA, GFF3, BAM, scientists can
analyze BigBed and BigWig data directly without
any conversion

Makes complex mutation discovery easy for scientists in
under 5 minutes




Case Study 3
Microbial

Discovery

Understanding of Coronavirus (SARS-CoV-2) of interest using
whole genome sequence data from NCBI

Note: data source from NCBI



Case Project Plan
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

—
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Already known Discovery of a novel
Coronavirus Coronavirus

Genomic differences

Phylogenetic relationship




Case Project Plan
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

What next ?




&SI i) Data management of WGS data of multiple organisms within your secured environment

Study 3

Loa E GENOMES

GENES PROTEINS BLAST MY TASKS

Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

€ suBINOY BISWAS (DHELP

Summary of Data @ Top Public Genome Collections Top Private Genome Collections
Public Private N Bacteria MM Archaca M Plants N Protozoa [N Virus Fungi
Num. Genomes 22 30
Num. Protein Coding Genes 102,905 44,885
Num. tRNA Genes 2410 2,530
Num. rRNA Genes 733 816
Num. ncRNA Genes 1 83
Num. Proteins 29,425 98
Top Species in Public Collections Top Species in Private Collections
9 1
6
€ g
3 8
3
. . L . 0 . : .
F £ &
v@&\a \ & \c.\“'ﬁ . o ) & “90#“ . \éag\-” (\Q&A\“‘ 0(}05 & F &
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Case Project Plan
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

U

What next ?

-

o T oEm



saesll ii) Homology analysis using Coronavirus database
Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

Study 3

LOGl  HOME  GENOMES  GENES  PROTENS | BLAST ‘ MY TASKS QsuBiNOYBISWAS  (DHELP

2 284
TTA TCTTCTTCG TAA TGGCCATAGT @/
Select Pre-formatted Databases - OR - Custom Databases
Pre-formatted Databases Custom Databases
Nucleotide Databases Protein Databases
[[] @enes - All Public Collections @ [ Proteins - All Public Collections @
[] Genes - All Private Collections @ [[] Proteins - All Private Collections @

[] Genomes - Al Public Collections @

[[] Genomes - All Private Collections @
@ INCBI SARS-CoV-2 Genomes Databases @

[] NCBI 18S_fungal Databases @

[[] NCBI 28S_fungal Databases @

] NCBI ITS_Refseq Databases @

Select a Program

(@® blastn @ (nucleotide query, nucleotide database) Q) blastp @ (protein query, protein database)

Q) thlastn @ (protein query, nucleotide database) QO blastx @ (nuclec query, protein database)

= =

Optional
Task Nome

©® MT334553_SARS-CoV-2




Case Project Plan

Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

What’s next ?

?
—

—
Discovery of a novel
Coronavirus

Already known
Coronavirus



Case iii) High homology (SARS-CoV-2)

i
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

GENOMES GENES PROTEINS BLAST MY TASKS e SUBINQY BISWAS @ HELP

MT334553.1 Severe acute respiratory syndrome cor... ~

Graphical Overview

Query: MT334553.1 Severe acute respiratory syndrome coron... (Length: 29863)

Weaker hits I—— Sironger hits

o 2000 2000 6000 8.000 0000 12000 14000 15000 18000 20000 22000 24000 25000 26000
L ! ! ! i ! i L i i ! L ! ! ), .

Filter Results Select a percent similar to download ~
O Sequence ID Description Max Score E-value Query Coverage % Identity Download
D bIMT163717] |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV- 192450 00 54 100 Download

g 2/human/USA/WA4-UW2/2020| complete genome

|Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-

O 9pIMT163715] 2/human/USA/WAT-UW4/2020] complete genome 192450 00 o4 100 Download
|Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-

1924 X Downl

O GoIMTI63718| 2/human/USA/WAG-UW3/2020| complete genome 50 00 o4 100 ownload
[Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-

D gbIMT246466| 2/human/USA/WA-UW209/2020| complete genome 192450 00 64 100 Download

|:| gbIMT246452] |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV- 192450 00 64 100 Download

2/human/USA/WA-UW195/2020] complete genome




Case Project Plan
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

What’s next ?

?

/

Discovery of a novel
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differences

|
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Study 3
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iv) Multiple Sequence Alignment to discover the differences in various genomic regions
Goal: Understanding of Coronavirus (SARS-CoV-2) viruses using whole genome sequence data from NCBI
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IO V) Sequence alignment of MT334553 with NC_045512.2 (Reference SARS_CoV-2)

Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

Study 3
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Case Project Plan
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

A scientist sequenced a Coronavirus (MT334553)

What’s next ?
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IO Vi) Phylogenetic relationship among all 928 coronavirus sequences
Study 3 Goal: Understanding of Coronavirus (SARS-CoV-2) of interest using whole genome sequence data from NCBI

v

MT163717 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA4-UW2/2020| complete genome
MT246469 [Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW212/2020| complete genome
MT263463 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CaV-2/human/USA/CT-UW329/2020| complete genome
MT263425 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW345/2020| complete genome
MT322409 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CaV-2/human/USA/VA-DCLS-0019/2020| complete genome
MT322407 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/VA-DCLS-0017/2020| complete genome
MT326168 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW-1756/2020 ORF1ab polyprotein (OR
MT322396 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/VA-DCLS-0003/2020| complete genome
MT246485 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW228/2020| complete genome
MT326034 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CaV-2/human/USA/WA-UW-1850/2020 ORF1ab polyprotein (OR

MT188339 |Severe acute respiratory syndrome coronavirus 2 isolate USA/MN3-MDH3/2020| complete genome

MT188341 |Severe acute respiratory syndrome coronavirus 2 isolate USA/MN1-MDH1/2020| complete genome

MT308694 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/MI-SC2-0003/2020 ORF1ab polyprotein (OR
MT259266 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW274/2020| complete genome

MT334553 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/UT-00284/2020 ORF1ab polyprotein (ORF1a
MT293203 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW-1426/2020 ORF1ab polyprotein (OR
MT322404 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/VA-DCLS-0011/2020| complete genome
MT322408 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/VA-DCLS-0018/2020| complete genome
MT2634665 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW375/2020| complete genome
MT263396 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW3156/2020| complete genome

MT322412 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/VA-DCLS-0024/2020| complete genome
MT326040 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CaoV-2/human/USA/OR-UW-1851/2020| complete genome
MT263462 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW383/2020| complete genome
MT293158 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW-1271/2020| complete genome
MT293188 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USACT-UW423/2020| complete genome
MT251977 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW234/2020| complete genome

MT269269 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW277/2020| complete genome

MT293159 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USA/WA-UW-1304/2020| complete genome

Complete phylogenetic tree
of 928 SARS-Cov-2

9 MT293156 |Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/USAWA-UW391/2020| complete genome

MT259266 clustered together with USA/WA and USA/MI sample



Case Study 3
Conclusions

Understanding of Coronavirus
(SARS-CoV-2) of interest using whole
genome sequence data from NCBI

1) High homology of MT334553 with 928 Coronavirus (SARS-CoV-2) from NCBI.
2) Mutations only 10 genomic regions based on multiple sequence alighment.
3) MT334553 shows mutation with NC_045512.2 (Reference SARS_CoV-2) only in 5 conserved genomic regions.

4) Discovery of MT334553 in USA/WA and USA/MI variant group based on phylogenetic analysis.
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An enterprise/cloud genomics data management and analytics platform



Data Integrity = No data prep, central
repository, no data loss

Quick simple data mining,
analysis, and visualization

Smooth integral workflow
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exponential increase in genomics data is becoming a challenge
in-house data management and analytics is a necessity

Loci features:
 high data security and structured data management
» quick simple interactive search; integrated analytics and visualization
+ eliminates the need to install multiple stand-alone analytics tools
» eliminates need to compromise security from accessing public data'and tools

Loci can be deployed in various applications including orthology studies to
seamlessly analyze genes, proteins and genomes from multiple organisms

Loci saves scientists time and may eliminate bottlenecks on constrained resources

Loci improves workflow efficiency, reduces R&D costs, and can enable increased
rate of innovation



Unleash your innovation
potential.

Let’s solve the world’s
most challenging
problems. Together.

Loci, by Karyosoft.
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Discussion, Q&A, and Collaboration

Empowering biologists to quickly transform and democratize vast amounts of
genomics data into meaningful insights and discovery

Microbiome | Plant/Crop Sciences | Animal Health | Human Health

info@karyosoft.com

317-689-8493
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