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Definition of Bioinformatics

Bioinformatics is an interdisciplinary field that develops methods and software tools for

understanding biological data.
As an interdisciplinary field of science, bioinformatics combines biology, computer

science, information engineering, mathematics and statistics to analyze and interpret biological

data.
Bioinformatics has been used for in silico analyses of biological queries using mathematical and

statistical techniques.
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https://www.wur.nl/en/Education-Programmes/BSc-Minors/List-of-BSc-minors/BSc-minor-Bioinformatics-WUBIF.htm
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https://en.wikipedia.org/wiki/Interdisciplinary
https://en.wikipedia.org/wiki/Software_tool
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Information_engineering_(field)
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/In_silico

Filed of Bioinformatics
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https://www.quora.com/Whats-the-difference-between-bioinformatics-and-biotechnology
B MS Bio-Medical Science Co. Ltd.



Required skills

Bioinformatics Tools
NoSQL Databases
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Required skills

Programming  Bioinformatics tools
* Python « Alignment
» Perl  Variant Calls
« R « Peak Calling
« JAVA « Quantification
of expression

. Algorlthm
Artificial neural network
« Decision tree learning
« Bayesian network
« Support vector machine

« Statics
chi-squared distribution

F-distribution

Regression analysis
Multivariate statistics

B Ms Bio-Medical Science

Co. Ltd

« Biology
« Genomics
« Epigenomics
« Transcriptomics
* Proteomics
 Metabolomics




Example of bioinformatics

. . ]
| Bioinformatics tool : fastqc I Bioinformatics tool : STAR

| Statics : phred score I Algorithm : seed searching,
I clustering/stitching/scoring

_____ R — |

| step

[thd&"] “--[————

Fastq from Mapping to
—>[ RNA-Seq I—P[ Quality Check |—> genome

[ Cancer Cell ]

Assembly of Quantification Functional
transcript of expression analysis
____x _____ , __X ________ \ —— -
| Bioinformatics tool : Cufflinks I Bioinformatics tool : | I Bioinformatics tool :
| Algorithm: overlap graph, I Cufflinks | | GSEA, g:Profiler

I Statlcs log likehood || Biology :
| transcriptome,
| Whole biological
process related to

RNA [
 RNA expression

| Minimum path cover
I_Biology : transcriptome

BMS Bio-Medical Science Co. Ltd
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Example of bioinformatics

TGTACG

AGTGTAGTGTACGCCCAAT

AGTGTAGTGTACGCCCAATTGTACGAGCATCATCGTGAAGGTCTGATGTTGTAC
GTGTACG

BMS Bio-Medical Science Co. Ltd



Example of bioinformatics

BMS

Drug-induced disease gene expression data

Individuals.
with disease Controls

o me Mﬂ

Discover novel therapeutic relationships
based on gene expression data

Disease genetic variation data

Individuals
with disease

PHERe fo0ed

AR AT
CC CG
TT AT
CA CC
GT TT
GA GG

CcC
TT
CcC
TT
BR

CC CG
AT AR
ChA CC
GT TT
GA GA

l

Controls

AT TT AT TT TT
CG GG GG GG GG
TT AT TT AX TA
AR BA AC AN AC
GG GT GG GG GT
AR GG GA GA GG

Discover novel disease relationships
based on genetic architecture

Integrative analysis

Therapeutics and diagnostics

Bio-Medical Science Co, Ltd.

Disease mechanism

Therapeutics and diagnostics

Current Biology, 2018



Future of bioinformatics

Electronic health records Medical image data O Inputs
(e.g. medical notes, diagnosis (e.g. cloud-based imaging O Bigd
coding, etc.) storage) afalyii?s
O Qutputs
e-Health applications Omics data
(e.g. smart-phone-based (e.g. genomics, proteomics,
and web-based) metabolics, etc.)
Administrative databases Clinical trial data
(e.g. SNIIRAM, GPRD, (e.g. pivotal randomized
SWIBW, etc.) controlled trials)
Cohort study data Raw data Social media
(e.g. CESAME, IBSEN, > Structured data - (e.g. Twitter,
PIANO, etc.) J Unstructured data L Facebook, etc.)

Big data platforms
(e.g. Hadoop, MapReduce, Big Table, etc.)
Data transformation
Data integration
Data analysis

I
'[ 4 I ¢ ¥ ) ) ¥
Predictive Public || Resource Drug Drug Precision
Phenomapping || risk models (Pharmacovigilance) health || allocation || repurposing || development || medicine

Nature Reviews Gastroenterology and Hepatology, 2019

B MS Bio-Medical Science Co, Ltd.



Raw data from Illlumina sequencer

A. Clustering
C. Demultiplexing samples and read mapping

I. Cluster 1. Flow Cell
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B. High-throughput sequencing
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https://kscbioinformatics.wordpress.com/2017/02/03/raw-illumina-sequence-data-files-for-dummies-part-1/
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Fastq format

\_I The member of a pair,
. Flow Tile humber .
Unique within the 1 or 2 (paired-end or -
instrument | | c&llID i 0] mate-pair) 0 when none of the control bits
name | oweelllans : . are on, otherwise it is an even
\ ] [ | Y if the read number
Run ID ‘ | | Flowecell XandY i< filtered. N
! Lane coordinate ctherwisé
| ' ) within the

tile

| - 1 Index sequence

. | L | X | - -
l—.—m -
HSG,-?EQHEEIIIZBZ I-INTWWBC]{I :Il:lﬂ‘l 460:2131 GECAGAAATCTTATCCTCT

ATTATGCCCATAGARGGCAAGCTTGCGGAAAAAGCATTGCCTCTGATTGATCAACAACTNNNNNNMNNNMNNMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNN
GLETACGAAGCGTATT T TGCAGAAAAA CCGTATCARTTACTGATCT TG GGG CEGGCAATTCAAATETTGTTTCCGACACTCCACTGEATTTAGGTTCATTCAACAAATTEECCAACGCAACG GGGE

GE GG eSS e R R SR R S R RN SR E R R pRda R RabRd SRR R R ERa e aR < GG I G NN TRE TG R e e e
IGHGIIGINNINIEENGI NG GG EGi a

The “+" indicates the break
between sequence and
quality.

Encodes the quality values

for the sequence letters Raw sequence letters

https://kscbioinformatics.wordpress.com/2017/02/03/raw-illumina-sequence-data-files-for-dummies-part-1/

B M S Bio-Medical Science Co, Ltd.



phred score(Q score)

Q scores are defined as a property that is logarithmically related to the
base calling error probabilities (P)>.

Q =-10 log P

Table 1: Quality Scores and Base Calling Accuracy

Phred Quality Probability of Base Call
Score Incorrect Base Call Accuracy
10 1in10 90%
20 1in 100 99%
30 11in 1,000 99.9%
40 11in 10,000 99.99%
50 1in 100,000 99.999%

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf

B M S Bio-Medical Science Co, Ltd.



ASCII table

Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char
0 0 INULL] 32 20  [SPACE] |64 40 @ 96 60 :
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 a
2 2 [START OF TEXT] 34 22 " 66 42 B 98 62 b
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 c
4 4 [END OF TRANSMISSION] 36 24 $ 68 44 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66 f
7 7 [BELL] 39 27 ! 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 I 105 69 i
10 A [LINE FEED] 42 2A * 74 4A ) 106 6A j
11 B [VERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2C , 76 4C L 108 6C I
13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 6D m
14 E [SHIFT OUT] 46 2E . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F / 79 4F (o] 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 p
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 S 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 U 117 75 u
22 16 [SYNCHRONOUS IDLE] 54 36 6 86 56 Vv 118 76 v
23 17 [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
24 18  [CANCEL] 56 38 8 88 58 X 120 78 x
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79 Yy
26 1A [SUBSTITUTE] 58 3A : 90 5A Z 122 TA 4
27 1B [ESCAPE] 59 3B H 91 5B [ 123 7B {
28 1C  [FILE SEPARATOR] 60 3 < 92 5¢ 124 7C |
29 1D [GROUP SEPARATOR] 61 3D = 93 5D 1 125 7D }
30 1E [RECORD SEPARATOR] 62 3E > 94 5E -~ 126 7E ~
31 1F [UNIT SEPARATOR] 63 3F ? 95 5F _ 127 7F [DEL]

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf
BMS  5oviedica Science Co, Lid. http://cn.voidcc.com/question/p-umzpfpil-qz.html



ASCII represent quality score

SS5555555555555555555 5555555555555 555555 55 acsaasssssssssssassscsssanssassssssssssssasasassnsns

) Y P 1 Y I A P 0 9 P 0 P P
1"#$%&" ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]" "~abcdefghijklmnopgrstuvwxyz{|}~

33 59 64 73 104 126
L T Y 11
=5....00.00000s - 40

T 1

L T B - i |

4p]
1

Sanger Phred+33, raw reads typically (0, 40)
Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

>
1

[l
|

Illumina 1.8+ Phred+33, raw reads typically (0, 41)

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf
BMS  5oviedica Science Co, Lid. http://cn.voidcc.com/question/p-umzpfpil-qz.html



Fasta format

Header —1® >VIT_201s0011g03530.1
Sequence — AATTAAGCATAAATACTCACTCTTACCCCCTTATTTTCTTATCTCTCATCACTTTTGGTGCGAAG
GACCATGAGAACAAGCTGCAATGGGTGTAGGGTTCTTCGCAAGGCATGCAGCCAAGACTGCATCA
Header ® >VIT_201s0011g03540.1
Sequence — CAGGTAGCGTGAAGTTAAACCCTAGCGCTTTAGACAAACAGCTGTAGTCACCGCCCACAAACACC
AGCCTCTGAGACACCACCTCAAACCTTTCCACTTAAATACACATCCCTCACACCCTTTTCAATTC
Header —® >VIT_201s0011g03550.1
Sequence — CATGCAAAGCTGAACGCGATGCTGTGATTGGTGGTAAGTGGTAGTTGAGTAAATTTGACAGTGAA
GCCGAAATGGTAAAAGACTAAGGCTAGAAGTAGAATACCACTGTTCTTCTCATCACGTGGGCCCA

https://www.researchgate.net/figure/A-sample-of-the-Multi-FASTA-file_fig1_309134977
B M S Bio-Medical Science Co, Ltd.



Gff format

| |
1k 7k 3 gk, 5k k. 7k ak ok 104

pronoterl
gene
EDEN .
>
hENAzs
EDEM.1
I e I o I e AN
ECEM.Z

EDEN.Z (CDZ 1)

EDEW .3 (COS 23

o e e N

@ ##gff-version 3.2.1

1 ##sequence-region ctgl23 1 1497228

2 ctgl23d . gene 16ee oees + ID=gened@8a1;Name=EDEN

3 ¢tgl23 . TF_binding site lee@ 1812 + ID=tfbseeeel; Parent=genc@aaol

4 ctgl23 . mRNA 1858 Saea + ID=mRNA2EEE81; Parent=gene888e1;Name=EDEN. 1

5 ctgl23 . mRNA 1858 Saea + ID=mRNA2EEE2 ; Parent=gened@8e1;Name=EDEN. 2

6 ctgl23 . mRNA 1368 Se68 + ID=mRNA2EEE3 ; Parent=gene88861;Name=EDEN. 3

7 ctgl23 . exon 136 1588 + ID=ex0n888e1 ; Parent=mRNAGDEG3

8 ctgl23 . exon 1@56 1588 + ID=ex0n88862 ; Parent=mRNASEE61 , mRNABBOB2

9 ctgl23d . exon 2868 3982 + ID=ex0on@8ae3 ; Parent=mRNAGBE81 , mRNABBOE3
1@ ctgl23 . exon 5eee 5508 + ID=exon@Baad ; Parent=mRNASB281 , mRNABSB@2 , mRNABBSE3
11 «ctgl23 . exon 7000 0008 + . ID=exon8eees;Parsent=mRNABSSO1,mRNABSER2 , MRNABBES3
12 ctgl23 . CDS 1201 150@ + 8 ID=cdseeeel;Parent=mRNAGBEE1;Name=edenprotein.l
13 ctgl23 . CDS 3868 3962 + 8 ID=cdsBeedl;Parent=mRNABEBO1;Name=edenprotein.l
14 ctgl23 . CDS 5868 5568 + 8 ID=cdsPeeel;Parent=mRNABESE1;Name=edenprotein.l
15 ctgl23 . CDS Jeee 7Jo08 + 8 ID=cdsPeeel;Parent=mRNABESE1;Name=edenprotein.l
16 ctgl23 . CDS 1281 1588 + @ ID=cdsBGBGZ;Parent:mRNABeBGZ;Name:edenprotein.z
17 ctgl23 . CDS Seee 55es + 8 ID=cdseeee2;Parent=mRNAGBSE2;Name=edenprotein.2
18 ctgl2l . CDS 7608 7688 + 8 ID=cdseeee2;Parent=mRNAGBBO2;Name=edenprotein.2
19 ctgl2l . CDS 33e1 39e2 + 8 ID=cdseeee3;Parent=mRNAGBSE3;Name=edenprotein.3
2@ ctgl23d . CDS 6@ 55oe + 1 ID=cds2eee3;Parent=mRNAGBGE3;Name=edenprotein.3
21 ctgl23 . CDS Jegg Joba + 1 ID=cdsBee83;Parent=mRNABBBE3;Name=edenprotein.3
22 ctgl23 . CDS 3351 3962 + 8 ID=cdsBee8d;Parent=mRNABBBE3;Name=edenprotein.4
23 ctgl23 . CDS 5868 5568 + 1 ID=cdsB88ed;Parent=mRNABESE3;Name=edenprotein.4
24 ctgl23 . CDS 7eee To0eo + 1 ID=cdsBGBGd;Parent:mRNABeBGB;Name:edenprotein.a

http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/950/index.php?manual=GFF3_format.html

B M S Bio-Medical Science Co, Ltd.



Bioinformatics used in other filed

Connectivity Maps
Extraction

VA

fMRI Data

> | 90 ROIs 90 ROIs 90 ROIs
Anatomical Automatic Labeling (AAL) atles v * *
o - * ROIs Selection *
2 SFS & SFFS
3 Linear SVM
%‘ > Leave One Out Coess Validation *
o) Permutation testing
O > -
> Statistics

Frontiers in Human Neuroscience, 2019

BMS Bio-Medical Science Co. Ltd



Evolution

https://store.glennz.com/blogs/glennz-concepts/29641793-evolution
B M S Bio-Medical Science Co, Ltd.



Evolution mechanism

A -

Mutation

chance event
‘

&g( ﬂﬁlf

Genetic Drift

ki
e

https://ib.bioninja.com.au/higher-level/topic-10-genetics-and-evolu/103-gene-pools-and-speciati/evolution.html

B M S Bio-Medical Science Co, Ltd.



RNA world

Step 2:
RNA self-replicates (via
ribozymes)

é _..:. S r—

E%._

DNA becomes master
template

https://www.quora.com/What-are-the-leading-theories-as-to-how-ATP-arose-as-the-energy-carrier-in-cellular-respiration

BMS

Bio-Medical Science Co, Ltd.

Step 1: Step 3:
RNA forms from RNA catalyses protein
inorganic sources synthesis

*
~
LI -
s —> « —» T—
e o®
.
-

Step 4:
Membrane formation
changes internal chemistry,
allowing new functionality

SR

Step 5:
RNA codes both DNA Proteins catalyse
and protein cellular activities



Bioinformatics used in other filed

BACTERIA ARCHAEA EUKARYA
animals
! . fung!
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@ 00 N ""‘t:\
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% protists
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FIRST CELLS

S 2011 Pearen Educadon e

Frontiers in Human Neuroscience, 2019

B M S Bio-Medical Science Co, Ltd.



Natural history - Darwin's finches

1. Geospiza magnirostris. 2. Geospiza fortis.
3. Geospiza parvula. 4, Certhidea olivasca.

https://www.thoughtco.com/charles-darwins-finches-1224472
B MS Bio-Medical Science Co, Ltd.



Population genetics, phylogeography, and phylogenetics

space —»

- time

— gbejul|

phylogenetics

<« migration

PNAS , 2016
B M S Bio-Medical Science Co, Ltd.



Application of high-throughput sequencing methods

population genetics

ative genomics
phylogenetics

evolutionary time scales

targeted sequencing: UCEs

targeted sequencing: exome

Marine Genomics, 2016

B MS Bio-Medical Science Co, Ltd.



Application of high-throughput sequencing methods

Method Other names or variants Literature method Literature examples
Amplicon Multiplex PCR, parallel Binladen et al. (2007, Chan et al. (2010, Griffin et al.
SEqUencing tagred sequencing Meyer et al. (2008), (2011}, Gunnarsdattir et al. (2011);

Restriction-digest

Target enrichment

Transcriptome

Double-digest genome
reduction, RAD sequencing
(RAD-seq), complexity
reduction of multilocus
sequences (CRoPS),
Cenotyping by Sequencing
[GBS)

Sequence capture, targeted
TESEqUENCINg, Primer
extension capture {PEC)

KEMNA-seq

Tewhey et al. (2009b)

Baird et al. (2008),
Davey et al. (2011)

Albert et al. (2007,
Gnirke et al. (2009],
Hodges et al. (2007),
Okou et al. (2007,

Tewhey et al. (2009a),

Maricic et al. (2010)
Morin et al. (2008];
Marioni et al. (2008}

Morin et al. (20107, Parks et al. (2009)

Andolfatto et al. (2011, Amaral et al.
(2009, Bers et al. (20107, Emerson

et al. (20107, Gompert et al. {2010,
Hohenlohe et al, (2011}, Hyten et al.
[2010a,b), Kerstens et al. (20049,
Ramos et al. (2009); Sanchez et al.
(2009} Van Orsouw et al. (20077; Van
Tassell et al. (2008), Wiedmann et al.
[2008); Williams et al, (20107

Briggs et al. (2009; Faircloth et al.

In press)

Barbazuk and Schnable (2011),
Canovas et al. (2010}, Chepelev et al.
[2009); Geraldes et al. {2011),
Hittinger et al. (2010)

BMS

Bio-Medical Science Co, Ltd.

Molecular phylogenetics and evolution, 2013



Phylogenetic positons

a} Morphological classification [E]

—

Clupeiformas
Crstariophysi
Argentiniformes
Alepacephaliformes
Ezociformeas
Salmaniformes
Osmeriformes

Neotaleastai

{incd. Stomiatiformes)

d} 20 nDMNA loci & 1 mtDMNA locws [1]

—_

—_
1

Clupeiformes
Alepocephaliformes
Ostariophysi
Lepidogalaxiformes
Argentiniformes
Galaxiiformes
Esociformes
Salmoniformes
Csmeriformes
Stomiatiformes
Meoteleaste

) Mitcchondrial genome [3)

—
—
F

Clupeiformeas
Alepocephaliformes
Orstariophysi
Esociformeas
Salmanifarmes
Argentiniformes
Csmeriformes
Galaxiiformes

Meotelaastal

e) 28 nuclear, 13 miDNA loci &
274 momphological characters [30]

1 —C
o

Clupeiformeas
Alapocaphaliformes
Ostariophysi
Lepidogalaxiformes
Galaxiformes
Argantiniformes
Ezociformeas
Salmaniformes
Csmeriformes
Stomiatiformes
Meoteleostel

c) Nine nDNA loci [5]

|||J1rL|\‘rL|\

Clupeiformeas
Alepocephaliformes
Crstariophysi
Lepidogalaxiformes
Argentiniformes
Esociformas
Salmaoniformes
Osrmeriformes
Stomiatiformes
Galaxiiformes
Meotalaasiai

1 20 nDMA loci, T miDMNA locus &

partially phyloganomic data [2]

rralifs

Clupeiformas
Alepocaphaliformes
COrstaraphysi
Lepidogalaxiformes
Argentiniformes
Galaxiformes
Esociformeas
Balmaonifarmes
Osmeriformes
Stomiatifarmes
Mectaleastel

Fig. 1 Summary of previous phylogenetic estimates and classifications of Clupeocephalan fishes. Colours indicate taxa with variable

phylogenatic positions

BMS

Bio-Medical Science Co, Ltd.

BMC Evolutionary Biology, 2018



Whole genome sequencing for Phylogenetics

Whole genome sequencing of single isolates

> Assembled reference genome

Gene content
Genome organization

Comparative genomic studies with multiple isolates \ll \ll \l/

Phvlogenetic Tree Pangenome Analvsis Effective Transmission Recombinaticn Genome-wide
vice ge vs Population Size Mapping Hotspots Association Studies
Estimate diversity Define core genome Estimate population Geographically track Identify regions under Identify genetic variations
Define IIneages and accessory genes changes over time transmission of different diversifying selection assoclated with a given
lineages on global, local phenotype at gene to
and within-hospital levels SNP resolution

BMS Cell host & microbe, 2016
Bio-Medical Science Co. Ltd



Applications of NGS to phylogenetics

Amplicon based methods

Restriction-digest based methods

PCR primers
- — - = - — -— S -
individual 1 individual 1 -_— -
= b ~-— — -  — - — - individual 2 i
individual 2 individual 3 Ty
individual 3
1 —— 11— 1 e—
Sanger sequencing g o 3 g e skaselection
) digested, size-selected __ ———__ == pjoinformatics
or parallel tagged sequencing fragmentstaggedand —__ T———= — - —
1 1 1 i pooled for NGS e =
2 2 2 2 o two called
3 3 3 3 —_— Hal
tagged PCR products —— _ . . — bicinformatics == =
pooled for NGS I — i Rt 4 —— —
_p—— two called
= ——— alleles
probe
individual 1 e— —— S— S—
Probe based methods individual 2 esmm— J—
individual 3 — ———————— E—
1 1 1
2 e—— 2 e—
3 3 3
captured fragments — — — = bioinformatics
tagged and e — s, .. 5 —_— T = —
pooled for NGS — S— — — So— —
two called
alleles

BMS

Bio-Medical Science Co, Ltd.

Molecular phylogenetics and evolution, 2013



Amplicon sequencing for Phylogenetics

Patlent sample

Amplification of target region {targeted mNGS)
" . L £
Mie :;-I;::-.L.;?Ei::;::: 5 Is-.:.l::m;, E;:ﬂ:_gle T::Du:r. ﬁﬂ;ﬂl}' rsid.:.ds!'.:.-l;tl PPN RNRNY AR /\’:(\2:,\’
rere — QR — "%

AR pssrrs
RN gt mir

PR AR 1
DMNA extraction

Library preparation
AR JNRY PR
Q % PPN s imir AFy PR AVRY
PN N PN

!

Bacterin - Fungi  Parasites Human PPN~ Primers

Liniversal FUE Sequencing of amplicons
Bacterla Fungl and parasites o o = -
165 or 235 rRNA 145, 285 ar [T51 —_— pz

":H-G TSs1 \

— - . ’ - |
-|1-55|£[ E 185 A L T [ ==
;— L=

nbersal PCR e oo PR O s o o o T

{- ) analyses i transcriptome |

: “ profiling N

Amplibcation of target region {targeted mMCGS) : ot s
SOEANF ' “ '

PARA. RS AR gl E ' fo!
FALAAT S m MR ' Kingdom Bacteria “ ®F
FNEN : “ Eq

FAT AT I AT AT PR ' O Bactesia B Genus A B SrainA 1) z ] ’
l PR i B Eukaeya B Spocies Al @ StrainB 5 e £ .

E B Viruses B Cenus B B Strain € EE % = E

Litwrary preparation ! Fungi : i &

FARN R PPN ; & Genus A i :

H Sp Al 8 [

PAFA FALRA gy Pt L0 5 B “pactes & :
PN | PPN Vareasssesasssannad famnnes anesamnsenas W rr——

AR —Primers
i1 b Nature Reviews Genetics, 2019
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16s rRNA Amplicon-seq analysis

=
(]

0.8

Mean frequency of
most common residue
in 50 bp window

0 500 1000 1500
OTU analysls 165 profile
5 VI+V24V3
E T
165 profile
g E ‘ V4+V5
S
n
E E. ‘ 165 profile
VE+VT+V8
E N e
§ = Validation by shotgun
sequencing

(") ‘
%

https://www.slideshare.net/MadsAlbertsen/130919-16-sworkshopintroduction
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Diagnosis based on Amplicon-seq
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Restriction site-associated DNA sequencing

Sequence next to single restriction enzyme cut sites Sequence flanked by two restriction enzyme cut sites
C Original RAD D C GBS |
* 1. Digest {one enzyme) # 1. Digest (one enzyme)
]

* 2. Ligate adaptors
2. Ligate adaptors

=]
3- Multlplex = == == == =]
4. Shear
5. Size select

L =]
6. End repair
1. A-tailing OoE=rh eEmsch CEmrm CEm——
8. Ligate Y-adaptors OOl OOESSD essrn oo
OO OO O s
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ke o4 Y I
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NATURE REVIEWS GENETICS, 2016
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Restriction site-associated DNA sequencing

BMS

a Cut site A Cut site B
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l RADseq
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Too long
Haplotype 2 I
— | I
Sequenced Sequenced
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Hybrid-Seq
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Steps for Hybrid-Seq

a) UCEs identified in alignments of birds and lizard

UCE
anole 1 - ) S, ]
zebra finch m o | m— —
chicken .——x o -

b) Probes designed from UCE regions
probe

UCE=<180 bp UCE=180 bp

flank added UCE=>180 bp

C) RNA probes mixed with sheared genomic DNA from non-model organisms

BMS  siovedica science o, Lid. Systematic Biology, 2012



Steps for Hybrid-Seq

d) Target DNA isolated, enriched, tagged, and pooled for NGS

N e+ %;:?g + ‘?prwéw—>\,—— N\
%giﬂ" A N ‘%\ X —N\N—

——— locus j

I ||| |
il llil|I|iE

consensus

f) Consensus loci aligned among species and gene trees estimated for all locij,

locus j locus k locus m
[ 21 o s Rl e R A
———————

g) Species tree estimated from gene trees

=

BMS  siovedica science o, Lid. Systematic Biology, 2012



Locus Selection & Probe Design

« Locus Selection
« ~500 “single copy” loci (typically long exons)
« Conserved element (~20% divergence required)
« Adjacent to less conserved regions
» Loci are selected based on broad taxonomic group (e.qg.,

vertebrates)

« Probe Design
 Incorporate sufficient number of lineages

« Tile probes across conserved region
» Goal is to capture ~1500bp regions
« Probe sets are designed for project-specific clade

http://jemu.myspecies.info/sites/jemu.myspecies.info/files/EvoLunch_Hybrid%20enrichment.pdf

BMS Bio-Medical Science Co. Ltd



de novo transcriptome sequencing

DNA gene in genome I

g Transcription
=
Pre-mRNA
£
Intron splicing
Mature mRNA —
Fragmentation
maregrens D N NN BN B )
o
L= Reverse transcription
- —
>
: -onarsgnens [N (N (NN N BN BB
=
High-throughput sequencing
Se quences TATGAGACGCATEITA ACOCOGIC GOGATATATATA CECGACGATGALT ATATAGE TOGACTEOCAT
Sequence processing
Alignment ——— —— -_—
8 GATAGGTGTGACT ACCLLCCCAT GAAGCGLUALT GACT AT GAGA L GLA TG T AACC L LGCCGLGAT AT ATATALGLGACGATGACT AT AT AGCT CLACT GUCAT GACAARAGT GAAGLCRCATATC TG TGLGTA
- —
= Genome sequence
7]
£

Splice variant A

Spice vriant B —v—

BMS sovedicaiscience Co, Lid https://en.wikipedia.org/wiki/File:Summary_of RNA-Seq.svg



Probe Design Workflow

ExtendProbe
S Agibent CheckiD Chechked Agilent

Pre Multipie Align AliMulti Freliminary Batch Export
Raw Data h Probe File Uniguserness Frobe File

Alignment via Muscle to Geneiowrs

Improve Alignment Inspact i Gensious

Frobe Probe Tiling Inspect
Locs: Plats Manually

Choose
Probelocsdr

Compute
Abgrument Stats

Gather
Scan Results

Redundani)

GivenF astaSeqs

Probe Design
Diagram

BMS  siovedica science o, Lid. http://jemu.myspecies.info/sites/jemu.myspecies.info/files/EvoLunch_Hybrid%20enrichment.pdf



Experiment for Hybrid-Seq

BMS

Bio-Medical Science Co, Ltd.

N7 NININTN

Biotinylated
pathogen-specific
RNA or DNA i
bait library 2?
AUV

Baits hybridized _
to pathogen .
genome / Bead capture

Target enrichment using
I RNA or DNA baits

!
B ®rnononor

QAGVOVGVGT
AGVVGVGT

Nature Reviews Microbiology, 2017



Shallow-scale phylogenetic utility

40= Sequencing bnsert  Read  Locus
P

Iatform  Size Length Length

wwesnn MiSer) SFSbp 150bp 800 bp
Hiseq  FSbp 100bp %0 bp
= Hieq $Tibp 100bp 1300bp
Hiseq TTibp 100Bp 1700bp

30—

Relative Coverage

Exampie Insarts

Average Conservation Score

—— Exarmple Loous 1

—— Example Lacus 2

Example Locus 3

Conservation Score

Proportion of Loci

Coding

512 Target Loci

Systematic Biology, 2012

B M S Bio-Medical Science Co, Ltd.
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Pipeline to analysis Hybrid-Seq

(.fastq)

Hybrid-Seq

B M S Bio-Medical Science Co, Ltd.

_,[

Quality filter ]

Gene Assembly and

Construction of supercontig

(HybPiper)

¥

Multiple Sequence
Alignment
(PASTA)

L J

Cleaning Bases
(Phyutilit

Calculation of K2D
(dlstats pl)

Concatenatlon
(AMAYS)

¥

Phylogenetic Tree
(iqtree)

Construction of ]




40

1

Score

Sequencing quality

3490076 reads with encoding phred33 in forward read

1
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Distribution  Per base sequence quality
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o
o

Length Distribution

1 Base Pairs 76

BMS
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HybPiper

Target file and bait design (pre-HybPiper)

Reference niron

Gene _. , exaon 2 H exon 3 h

HybPiper . |,_ a5 1 COS-001
Target File L I Speciss 2 COS-001

Baits

HybPiper T+ev "

Feads — -

Spades
Assembly

Exonerate

Coding
Sequence

Superconitig - — — -

BMS  siovedica science o, Lid. https://github.com/mossmatters/HybPiper/wiki



Recovery efficiency for 458 genes

Percent target
protein length
recovered

r0

0.2
Artocarpus

~0.4
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i Illlllllll | outgroues 08
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Phylogenetic genes | MADS Box

Volatilesl

Appl Plant Sci., 2016
B MS Bio-Medical Science Co. Ltd.



Depth-of-coverage plots

BMS
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Bio-Medical Science Co, Ltd.
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Multiple sequence alignment

BMS

Bio-Medical Science Co, Ltd.

<>

wad_0189)key|1|length| 25014 269
wad 0210lkey|2llencth] 254/4-257
=ad_0129)keg|2liengt| 25011-250
wad ! 68lkey|2llencth] 256/4-253
wad_t640)eg|2llengti] 25301250
wad 0543lkeq|Tllencth] 255/4-253
wod_0S0djkeg|Sliengti| 2561255
=ad 0655|keq|Slencth] 250/4-250
wad_0040jkeg|fiengt| 25374-250
wad B56ltey|7llencth] 2994243
wad_0007|heg|7liengti] 2400-242
ead 253lkey|3lleqcth] 250/4-252
wad_0705)keg| fiengti| 25311-250
wad_018'key|3lencth] 254/-257
wed_0202lkeg|t fllengtr| 2401290
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=ad_*(OSkeg|t Zltengty | 256°1-256
©ad_ ‘608lkey|19llenytr|262/1-252
o {29 e | 1|l | 255 1-253
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wau_0S3S|ey| 1E|leangti| 25¢7 1-250
wad_ 1997 |key ! Wenyt |257/4-257
wad_ ! {76y | 1Ellucngli| 2560 1-256
wad_ ! 170\key|1€Nenyth |257/1-257
wad_ ' BES| g | Tl | 2560 1-256
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a_ {6ESfey] 192\haytin| 2551-255
MRa_0750jheg] 19R|leacth] 541248
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resc 08S3lbeq| 2 13llencthl 250/1-250
hes_14C0jbeg] £15liength| £50/1-250
rezc_0547Ibeg| 2 18llencth] 254/1-254
e 00ESYry| 2 {8t 259/ 1-

Mmad_0078jheg| 2 18lkeagth| 35941
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Bioinformatics and Computational Biology, 2009



Alignment : PASTA

Step 1 (decomposition):

EA ERC A i C
o o o S i
Step 4 (pairwise merge)
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J Comput Biol., 2015
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Alignment : mafft

Option name Command

For a large-scale alignment (N = ~ 10 000). Progressive methods with the PartTree algorithm

W-N5-PartTreel nafft —partires —retres 1 Distance iz by the &mer method

W-N5-PartTree2 nafft —partires —retres 2 Distance is by the 6mer method. Guide tree is rebuilt

W-N5-DPPariTreel naf ft —dpparttres —retres 1 Distance is estimated based on DP

W-NS-DPPartTree2 naf ft —dppartires —retres 2 Distance is estimated based on DP. Guide tree is re-built

W-NS-FastaPariTreel nafft —fastaparttres —retres 1 Requires FASTA [40] to estimate distances
HW-N5-FastaPartTree2 nafft —fastaparttres —retres 2 Requires FASTA [40]. Guide tree is rebuilt

For a medium-scale alignment (~10 000 = N = ~200). Progressive methods

FFT-NS-1 nafft —retres 1 Approximately two times faster than the default

FFT-N5-2 naf ft Default

For a small-scale alignment (N < ~ 200, L = ~10 000]). Iterative refinement methods

FFT-M5-i Fastest of the four in this category. Uses WSP score only

G-IMS-i naf ft-gina Uses WSP score and consistency score from global alignments

L-1M5-i nafft-ling Uses WSP score and consistency score from local alignments

E-INS-i naf ft-sins Uses WSP score and consistency score from local alignments with a generalized affine gap cost

For a small-scale RNA alignment (W < ~50, L < ~1 000). Structural alignment methods

Q-INS-i naf ft-ging Requires no external structural alignment programs
H-IMS-i-scarmapair naf ft-xinsi —soarnapair Requires MXSCARMNA (Tabei =t al., submitted for publication)
H-IMS-i-larapair —larapair Requires LaRA [78]

H-IMS-i-foldalignlocalpair naf ft-xingi —faldalignlocslpair Requires FOLDALIGN [79]. Uses the local alignment option
*-INS-i-foldalignglobalpair naf ft-xinsi —foldalignglobalpair Requires FOLDALIGN [97]. Uses the global alignment option

f not sure which option to use

Automatic nafft Selects an appropriate option from FFT-N3-2, FFT-NS-i and L-INS-i, according to the size of input data

B MS Bio-Medical Science Co, Ltd.

Briefings in Bioinformatics, 2008



Result from several programs

DNA-binding domain

A. Transactivation Proline
AD1| AD2] “rich

111y

P53

e

P63

P73

P63/
P73-like

= el .=y d 1 NIl
(1 B

P53-related

Plos one, 2011
BMS Bio-Medical Science Co, Ltd.



Result from several programs

B. clustalw dialign-tx kalign
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Comparison among MSA tools

BMS
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AMAS : Concatenation

AMAS: a fast tool for alignment
manipulation and computing of summary
statistics

Peer.

Marek L. Borowiec

Department of Entomology and Nematology, UC Davis, Davis, United States

A: concatenation

AMAS concat -i FILE_l.fas FILE_2.fas -f fasta -d dna --concat-out CONCATENATED FILE.fas
CONCATENATED FILE.fas partitions. txt

= e - -

Peer), 2016

B MS Bio-Medical Science Co, Ltd.



Positon of each gene on concatenated file

pl DN12651_cO_gl_11=1-1454
p2_DN68192_cO_gl_12=1455-4746
p3_DN68970_cO_gl_11=4/747-9104
p4_DN68974_cO0_gl_11=9105-12393
p5_DN72723_c0_gl_11=12394-16346
p6_DN/75016_cO_gl_15=1634/7-18196
p/_DN75231_cO_gl_13=1819/7-21391
p8_DN/75819_c0_gl_12=21392-24880
P9_DN/77438_cO0_gl_11=24881-27225
PlO_DN/77655_c0_gl _11=27226-29364

B M S Bio-Medical Science Co, Ltd.
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pwd (print working directory)

S HYEQCAED B £
# pwd

Shome/itholic

cd (change directory)

Az o/

# cd /home/itholic/mydir
# pwd

fhome/itholic/mydir

#Fod ..
# pwd

fhome/itholic

BMS
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Is (list)

EEETEE S

# 1=

testfilel

#1s -1
total @

[y

testfile? testfile3

-rw-r--r-- 1 itholic 197121 @ 113
-rw-r--r-- 1 itholic 197121 @ 118
-rw-r--r-- 1 itholic 197121 @ 11&

#1s -a

. testfilel

# 1s -al
total 4

drwxr-xr-x

drwxr-xr-x

-rW-r--r--

-rW-r--r--

-rW-r--r--

itholic 197121 @ 113
itholic 197121 @ 113
itholic 197121 @ 113
itholic 197121 @ 118
itholic 197121 @ 113

6 22:08 testfil
6 22:88 testfile2
6 22:88 testfil

testfile? testfile3

6 22:08 ./
6 22:88 ../
6 22:88 t
6 22:88
6 22:28

#1s

testdir/ testfile

# cp testfilel testfile cp
# 1s

testdir/ testfile testfile_cp

# cp -r testdir testdir_cp
# 1=

testdir/ testdir_cp/ testfile

testfile_cp



mv (move) rm (remove)

o =2 OHEEd 0l oHelo|Lt CIHE2|E ALF

AXE st= YXIE 0| SEME AFRSIA|CH 0|22 BASt= 252 Atgstcy  CIEECE MHEMHE rS4& FO0F stit

cpote 2| CIHMERE 0| SEME E0HE SM80| 29 girt f2HE =T ALZANA A £ A g H
# 1s CHEZE AHE Mo = 58l DI E2(THA 25

testdir/ testfile

testdir/ testfilel testfile2
# mv testfile testfile_mv
# 1=
testdir/ testfile_m rm -f testfilel
1s
testdir/ testfile2

H H

# mv testfile_mv testdir/

# 1s

testdir/ # rm -rf testdir/
# 1s
testfile2

# 15 testdir/

testfile

B M S Bio-Medical Science Co, Ltd.



ols2 7= B30

BMS

cat (concatenate)

[
(]
(=]
:
[
rot
—IT—l
ne
1o
=
oo
1
_I'_I
rn
i=|
ne
=2
pni
HT
2
s
H1
;0
_I'_I

MEE2 oIYs FEMO = AFSED

file1, file2, file3 Tt 20 = ZFZF ZHEFSHA =41 1, 2, 3 O] H&HEULL

# 1s

filel file2 file3

# cat filel

# cat file2

# cat file3

cat filel file2 » filel_ 2

I Y

filel filel 2 file2 file3

# cat filel 2
1
2

Blo-viedical sclence Lo, LIa.

Do YRS HINS F 20 HOFEC
M2 KR 2o IY 42l 1052 EOEC

# cat testfile
1
2
3
4
5
[
7
8
9

1a
11
12
13
14
15

head -3 testfile

#
1
2
3
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cat (concatenate)

J21 7|E 3 0ol 188 e T REYSE UC

ME2 Ig Sl s A8 ECt

file1, file2, file3 Tt = 22t 7HEHSHA

=Ah1,2, 30 H&ULL

# cat filel file2 » filel_ 2
#

filel filel 2 File2 file3

cat filel_ 2



tail

of

H 24

o5& 7=

head

LI
KK
o)
=l
&
ol o
oo K
= ol
o &
T —
S %
a1 o
0
OR =
M =
M_ ol
7 o
-t w
i = 3
o =
oo 8 5w
T = |.__=
g S &
oKW ol
o — 1= MH
(= oF B 1

o B (Y
oy H LOﬂ &l K|
o ®m o4 3
Moo H® g

W = By

TR = o ol 4
1} go o0 g o
[T =3 e olo < m
o oo =
il pall B all M w .
b . ks L e s W M~ |
E o ¥ Kk
T
KH
vy
4
= o
Kju
HI =
o S
o oF
I+ =0
Kiu oll
ol 1=
<H gl
B o]
H ol
ol <
o A
1} K0 b
“H = ]
ol =< o
ol o =
LA < SHynsY
_|h_| O_H_ T o L P~ L=} [=1} r

estfil

-3

18
11
12
13
14
15
# tail
13
14
15

-3 testfile
Bio-Medical Science Co. Ltd

head

2
#

BMS



find [A4ZZ] -name [ZFY &]

# 1=
dirly dir3; +ilel file3

dir2; dird; file2 filea

# find ./ -name 'filel®
SFilel
# find ./ -name "*.jpg"

.fpicturel.jpg
.fpicture2.jpg
./picture3.jpg
./pictured.jpg

B M S Bio-Medical Science Co, Ltd.

picturel.jpg

picture?.jpg

picture3.jpg

picture4.jpg

ffo



Quality check

fastqc [Input fastq]

fastqc RawData/Art020.R1.fq.gz
fastqc RawData/Art020.R2.fq.gz

fastqc RawData/Art025.R1.fq.gz
fastqc RawData/Art025.R2.fq.gz

fastqc RawData/Art069.R1.fq.gz
fastqc RawData/Art069.R2.fq.gz

firefox RawData/Art020.R1_fastgc.html

BMS Bio-Medical Science Co. Ltd



Quality check — Per base sequence quality

@Per base sequence quality

B Ms Bio-Medical Science

40
a8
36
34
3z
30
28
26
24
22
20
1
16
14
12
10
g

4]
4
2
0

Quaslity scores across all bases (Sanger / lllumina 1.8 encoding)

i

T

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-35 60-61 66-67 72-73 78-79 84-85 80-81 96-97

Co. Ltd

Fosition in read (bp)



Quality check — Sequence duplication levels

@Sequence Duplication Levels

FPercent of seqs remaining if deduplicated 71.38%
100
% Deduplicated sequences

% Total sequences
a0

g0
70
&0
30
40
30
20

10

1 2 3 4 5 5 7 B a =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level
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Quality check — Adapter content

@Adapter Content

% ~dapter
100
lllumina Universal Adapter

lumina Small RMA 3" Adapter
90 lHumina Small RMA 5' Adapter
Mexwtera Transposase Seguence

a0 SOLID Small RMNA Adapter

70
<10l
S0
40
30
20

10

1234567895 11 13 15 17 1% 21 23 25 27 28 31 33 35 37 326 41 43 45 47 49 51 53 55 57 58
Position in read {bp)
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Read cleaning

mkdir CleanRead

skewer -t 2 -m pe -q 30 -1 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art020 RawData/Art020.R1.fq.gz
RawData/Art020.R2.fq.gz

skewer -t 2 -m pe -q 30 -1 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art025 RawData/Art025.R1.fq.gz
RawData/Art025.R2.fq.gz

skewer -t 2 -m pe -q 30 -1 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art069 RawData/Art069.R1.fq.gz
RawData/Art069.R2.fq.gz

skewer -t 2 -m pe -q 30 -1 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art102 RawData/Art102.R1.fq.gz
RawData/Art102.R2.fq.gz

mqg="30" # mq: minimum quality; quality to trim off the read terminal under $mq

st="3" # st: stringency; length of overlap with adapter sequence required to trim a sequence

er="0.1" # er: error rate; number of errors divided by the length of the matching region; default is '0.1".
ml="25" # ml: minimum length; length to discard the under $ml after trimming
a1="AGATCGGAAGAGCACACGTCTGAACTCCAGTCA" # al: Common Region of TruSeq Indexed Adapter of
Read 1

a2="AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT" # a2: Common Region of TruSeq Indexed Adapter of
Read 2

BMS Bio-Medical Science Co. Ltd



HybPiper

mkdir HybPiper
mkdir SuperContig

reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art020-trimmed-pair?.fastq --prefix
HybPiper/Art020 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art025-trimmed-pair?.fastq --prefix
HybPiper/Art025 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art069-trimmed-pair?.fastq --prefix
HybPiper/Art069 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art102-trimmed-pair?.fastq --prefix
HybPiper/Art102 --bwa --cpu 16

python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art020
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art025
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art069
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art102

BMS Bio-Medical Science Co. Ltd



HybPiper

cd HybPiper/ ; python

/home/Programs/HybPiper/get_seq_lengths.py ../Reference/Single.Copy.GeneSequence.fa ../Reference/Name_lis
t.txt dna > Seq_Length.txt ; python /home/Programs/HybPiper/hybpiper_stats.py

Seq_Length.txt ../Reference/Name_list.txt > HybPiper_Stats.txt

while read i; do echo $i; python /home/Programs/HybPiper/paralog_investigator.py $i; done
< ../Reference/Name_list.txt &> paralog_investigator.log

python /home/Programs/HybPiper/retrieve_sequences.py ../Reference/Single.Copy.GeneSequence.fa .
supercontig > supercontigs.log

cd ./

perl Reference/singleline.pl HybPiper/c8590_g1_i1_supercontig.fasta >
SuperContig/c8590_g1_i1_supercontig.fasta

perl Reference/singleline.pl HybPiper/c46363_g1_i1_supercontig.fasta >
SuperContig/c46363_g1_i1_supercontig.fasta

perl Reference/singleline.pl HybPiper/c45242_g1_i2_supercontig.fasta >
SuperContig/c45242_g1_i2_supercontig.fasta

perl Reference/singleline.pl HybPiper/c36136_g2_i2_supercontig.fasta >
SuperContig/c36136_g2_i2_supercontig.fasta

BMS Bio-Medical Science Co. Ltd



Gene sequence summary

Alignment_name

DN12651_c0_g1_i1.clean0@.fas
DN68192_c0_g1_i2 clean09 fas
DN68370_c0_g1_i1.clean0@ fas
DNBBIT4 c0 g clean09 fas
DN72723_c0_g1_i1.clean09.fas
DN75016_c0_g1_5.clean09.fas
DN75231_c0_g1_i3.clean09.fas
DN75819 c0_g1_i2.clean09.fas
DN77438_c0_g1_i1.clean09.fas
DN77655_c0_g1_1.clean09.fas

DN77838_c0_g1_id.clean0@.fas
DIN72262_c0_g
DN78320_c0_g1
DIN78640_c0_g1
DN78677_c0_g1_i2.clean09.fas
DN78863_c0_g1_i1.clean09.fas
DN78946_c0_g3_1.clean09.fas
DN79323 c0_g1_i2.clean09.fas
DN79610_c0_g1_i1.clean09.fas

mRTAcaT

_i2.clean0%.fas
_i2 clean09 fas
_id clean09 fas

P | PO A,

BMS

No_of_taxa

o

.

.

Boro b

Alignment_length
1162
2805
3177
2345
2862
1850
310
2892
2345
1898
2665
1510
2359
2611
2826
2568
1872
2217
2903

ERE T
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Total_matrix_cells
4648
11220
12708
9380
11448
3700
12404
11568
2345
7392
10660
6040
7077
10444
5652
10272
7488
2217
5806

ance

Undetermined_characters

TO 0O 0000000000000 aoaao

Missing_percent

PO D O o0 000 00000000000

Mo_varizble_sites

76

226

233

85

229

36

52

182

35

A

Proportion_variable_sites
0.065
0.081
0.051
0.021
0.038
0.126
0.027
0.079

o
0.019
0.053

0.05
0.033
0.043
0.018
0.071
0.019

o
0.028

Anan

Parsimony_informative_sites

Proportion_parsimeny_informative

g 0.007
68 0.024
4 0.013
8 0.003
16 0.006
0 0
19 0.006
0.018|
0 0
4 0.002
27 0.01
14 0.009
0 0
27 0.01
0 0
47 0.018
4 0.002
0 0
0 0



Multiple sequence alignment

mkdir Alignment

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1
SuperContig/c36136_g2_i2_supercontig.fasta > Alignment/c36136_g2_i2.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1
SuperContig/c45242_g1_i2_supercontig.fasta > Alignment/c45242_g1_i2.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1
SuperContig/c46363_g1_i1_supercontig.fasta > Alignment/c46363_g1_i1.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1
SuperContig/c8590_g1_i1_supercontig.fasta > Alignment/c8590_g1_i1.fas

1*//" Alignment/*

sed -i 's/-c.*_g[0-9*]_i[
i[0-9]*//* Alignment/*

0-9
sed -i 's/_c.*_g[0-9*]_i[0-9
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MSA result

c36136_92.i2 [m] Multiple alignment

m Start Page X
Consensus: -
TACGEGGCAGCTACCTTGGTAT+ATAgACAAGGTAATGATATGATCTTT+ACAACCAGTAGQTACTGA+CTCEaACAGAATTTGCAATGAA+TA-TTTATATETGGCTTATGACTCACCAATAAAATC,
22872270 2275 2280 2285 2290 2295 2.3k 2305 2310 2315 2320 2325 2330 2335 2340 2345 2350 2355 2380 2385 2370 2375 2380 2385 2390 2304

ArtD20 1538

ArtD25 2178

ArtD69 1821

Art102 2131

< 2
Find: @ [ | = Seq-/4 Col-/7I08 Pos -/ - Sel none

| Tasks
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Cleaning base with low coverage

mkdir CleanSeq

java -jar /home/Programs/phyutility-ver2.2.6/phyutility,jar -clean 0.9 -in Alignment/[GeneName] -out CleanSeq
/[GeneName]

java -jar /home/Programs/phyutility-ver2.2.6/phyutilityjar -clean 0.9 -in Alignment/c36136_g2_i2.fas -out
CleanSeq/c36136_g2_i2.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutilityjar -clean 0.9 -in Alignment/c45242_g1_i2.fas -out
CleanSeq/c45242_g1_i2.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutilityjar -clean 0.9 -in Alignment/c46363_g1_i1.fas -out
CleanSeq/c46363_g1_i1.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutilityjar -clean 0.9 -in Alignment/c8590_g1_i1.fas -out
CleanSeq/c8590_g1_i1.fas

BMS Bio-Medical Science Co. Ltd



Cleaning result

Start Page x c36136_g2_i2 [m] Multiple alignment x

tGTa+AttgagtA+G+Agt+++aTAALtaCATG+0cATga+gttA-gT+aaAAgT+CT+TT+T++ATGATT++ATT+cGA+GAGAT+++AcAtaG+at+ATatcTgctTGgTgGAga

14 16 18 20 22 24 26 28 20 35 36 40 42 44 46 48 S0 52 54 56 58 60 62 64 66 68 70 72 T4 T6 73 80 B2 B84 B85 86 90 92 94 9 98 100 102 104 106 108 110 112 114 116 118 120 124

gggggﬁ e T Do BB i VR el et e el e e P E L T
ATERE+
2 4 6
A

Findt 4= [ | = Seq-s4 Cal-/54 Pog -/~ Selnone
L —

>
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Concatenation

mkdir ConcateSeq

/home/Programs/amas-0.98/amas/AMAS.py concat -i CleanSeq/*fas -f fasta -d dna --concat-out
ConcateSeq/ConcatenatedSeq.fa -c 12

mv partitions.txt ConcateSeq/
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Tree construction

mkdir Tree
igtree -s ConcateSeqg/ConcatenatedSeq.fa -m GTR+G -nt 48 -pre Tree/Artemisia -alrt 1000 -bb 1000 -redo

cp Tree/Artemisia.treefile Tree/Artemisia.FinalTree.nwk

sed -i "s/[0-9][0-9][0-91¥///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9][0-9]W.[0-9]¥W///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9][0-9]W///gi" Tree/Artemisia.FinalTree.nwk

sed -i "s/[0-9]W.[0-9]W///gi" Tree/Artemisia.FinalTree.nwk

sed -i "s/[0-9]WW///gi" Tree/Artemisia.FinalTree.nwk
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Phylogenetic tree

Hosamb_04

Hosall_03

Hosmin_110830

Hosabi 02
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THANK YOU.

BMS



