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Sequencing Costs Plummeting
Cost per genome

$100 million

$10 million -

$1 million a
$100,000 B

_ ~$800 is enabled by
_ S10000 the S4 flow cell
$1,000 -
~$800
genome
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Modified from: Hayden, E. C. (2014, March 19). Technology: The $1,000 genome. Retrieved June 16, 2017, from
http://www.nature.com/news/technology-the-1-000-genome-1.14901



—RNF-R

=

EES

Sanger I

555

i w5 4= 12102 o L5

EABHELFR ~20%

Molecular Pathology Checklist

“Detection of 20% variant allele frequency, which is typically G
equivalent to a 40% proportion of mutation positive cells, is
commonly measured as the LOD for Sanger Sequencing.”

w11 2

RAEISHIR ~ 3-5%

- College of American Pathologists (CAP)
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AAAACCAGAGTCTAGCACCTTCTCE\TCAGSAGCA
AAACCAGAGTCTAGCACCTTCTCATCAGGABC]
AACCAGAGTCTAGCACCTTCTCATCAGABC
ACCAGAGTCTAGCACCTTCTCZSTCAG IAﬂch
ACCAGAGTCTAGCACCTTCTCATCAGEAGCHT
CCAGAGTCTAGCACCTTCTCATCAGFAGBCHTC

GAGTCTAGCACCTTCTCATCAGEARIKTCTGC
CTAGCACCTTCTCATCAGHAGGEJTCTGCCTTC
TAGCACCTTCTCATCAGARGBEJTCTGCCTTCG
AGCACCTTCTCAFTCAGGRGAEJTCTGCCTTCGC
CCCTTCTCATCAGGAGCEQTCTGCCTTCGCTAG
ACCTTCTCATCEGTAGATJTCTGCCTTCGCTAG
CTTCTCATCAGGAGECATCTGCCTTCGCTAGGC
ATCAGGACECHTCTGCCTTCGCTAGGCTGACAT
ATCAGGACACHTCTGCCTTCGCTAGGCTGACAT
TCAGGABCECYTCTGCCTTCGCTAGGCTGACATC
GAGCRCATCTGCCTTCGCTAGGCTGACATCGCGG
GAGCMCJTCTGCCTTCGCTAGGCTGACATCGCGG
AACYTCTGCCTTCGCTAGGCTGACATCGCGGGACC
AACYTCTGCCTTCGCTAGGCTGACATCGCGGGACC

AAAACCAGAGTCTAGCACCTTCTCATCAFGAGCATCTGCCTTCGCTAGGCTGACATCGCGGGACC
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disrupt the expression of the target genes, and are biased toward regions of cancer-
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Pesense RNA viruses and are cumently divided  Awstralia nsmakecollection that was asociated with similicant mar-
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Welcome to MiSeq Control Software
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MiSeq HE#t R &R FiEK
MiSeq Core Consumables Version 3

2 5 - [ 600 cycles

Million Reads « 150 cycles

MiSeq Core Consumables Version 2

« 500 cycles

W Sil40 Cp )
gL
SO T

« 300 cycles
« 50 cycles
« 36 cycles

Million Reads . . .
MiSeq Core Consumables Version 2 Micro

1 « 300 cycles (Micro)

Million Reads

MiSeq Core Consumables Version 2 Nano

« 500 cycles (Nano)
« 300 cycles (Nano)
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Sequencing reads aligned to a reference genome

GATTAGTA
ACTCGATTA
ACGG_CTCGA
ACGACGGAC

Reference Sequence CATACGACGGACTCGATTA

II
a
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16S Metagenomics Sequencing Workflow
« 16S Metagenomics

« — Study of genetic material recovered directly from
environmental samples

« — Uses conserved region of 16S Ribosomal RNA gene to
PCR amplify DNA samples

137-242

433-497

| 576-682

822-879 986-1043

1117-1173 1243-1294 1435-1465 | 1466-1452

V7 \%:] V9

968F —>1177F
V5 ‘ V6

—p 338 F - 515F
V3 V4
JIZRE— 533Re— S(06R €=

926R «=—

1492R *—
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Fungal sequencing and classification with the ITS Metagenomics

* ITS Metagenomics
« — fungal microbiome, is an important component in the environment and

in human health.
« — Uses conserved region of ITSI and ITS2 to PCR amplify DNA samples .

54-543bp Intron
fITS7 (F)

fITS9 (F)
5.85-Fun (F)

BITS (V)

ITS2 (U) ITS4-Fun (F)
e . ITS4 (U)
N _ o W,
145-695 bp amplicon Y
267-511 bp amplicon




Step 1. Order Amplicon Primers

sl Primers target 16S rRNA gene V3-V4 region

» A single amplicon of approximately 460bp is created
* Primers include overhang adaptor sequences

* lllumina recommends using standard desalting purification when ordering
oligo primer sets

Forward Primer:
5' TCGTCGGCAGCGTCAGATGTGTATAAGAGACACﬁf:CTACGGGNGGCWGCAGf

I !

Overhang Adapter Sequence Locus-Specific Sequence
16S V3-V4

Reverse Primer:
5 pTCTCGTGGGCTCGGAGATGTGTATAAGAGACAQQACTACHVGGGTATCTAATCQ
1 1

Overhang Adapter Sequence Locus-Specific Sequence

16S V3-V4 -



Step2: PCR Amplify V3 and V4 regions of 16S rRNA gene

(2.5 ot Snyll] Primers ReadyMix PCR

: : Add Forward Add KAPA
Microbial DNA - Perform
: & Reverse HiEl HotStart > Clean-up

95°C | 95°C

3min | 305
72°C
55,': 30s . Emln\,

‘X 25 cyclas i




Step3: 2nd PCR to Add Indices and Adaptors

- : Add KAPA
PCR amplicon from Add Index 2 .:'.' e Add PCR- PCR
nrevious step m primers I I|l'..- P' qll:lh:t r‘.“'”r grade water Perform PCR > Clean-up

\ )

|
From Nextera XT Index Kit

95°C | 95°C
55°C

/ 3min | 30s
30s

n

-

“ x 8cycles -




Step3: 2nd PCR to Add Indices and Adaptors

- - Add KAPA
PCR amplicon from Add Index 1 Add Index 2 . = - Add PGR= Perl PC PCR
previous step primers primers FlIF Hmt,’,t-aﬂ grade water mPCR Clean-up
Ready Mix
Y J

~

\

From Nextera XT Index Kit

<y

Nextera XT Index primer

P5 Index Rd1 Insert to be sequenced Rd2 Index P7
2 SP (16S V3-V4) SP 1




Step4:Library QC

Quantity
» Use dsDNA-specific fluorescent

[FUl4 dye (Qubit or PicoGreen)
« Optimal cluster density:
800-1000k/mm?

o___Jl S A (|

T T T 1 I 1 T 1 Quality
1S 100 200 300 500 850 [bp] * Run on Agilent Bioanalyzer
DNA 1000 chip

Example Bioanalyzer Trace of Final Library » Expected library size = 630bp




16S MetagenomicsZE/EZRINES SFEH

Equipment for | Equipment for
input & library QC

Fluorometer (Qubit preferred)
Bioanalyzer 2100

library prep

Plate centrifuge
Magnetic stand (96-samples)
Thermocycler

Reagents for
library prep

Forward & Reverse oligo primers
AMPure XP Beads
KAPA HiFi HotStart Ready Mix

Reagents for
input & library QC

Fluorometric DNA Quant kit
(Qubit preferred)

Bioanalyzer DNA 1000 Kit




Step5: Library Pooling

Library Pooling Considerations

» Pool a maximum of 384 sample libraries per MiSeq v3 run
= Total MiSeq v3 run output is > 20 million reads

» This will generate > 30,000 reads per sample which is commonly recognized
to be sufficient for metagenomic surveys

Sequencing Considerations

« Optimal raw cluster density is 800-1000k/mm?
« Cluster densities below 500k/mm? and above 1000k/mm? is not recommended
» Spike-in minimum 5% PhiX library to serve as an internal control for low-

diversity library -




Sequence on MiSeq
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How to Start a Run Workflow

Set up the
Seguencing Run
using MiSeq
Contrel Seftware

Load Libraries
Into Reagent
Cartridge

Create Sample Thaw Reagent
Sheet Cartridge




Create sample sheet

o GlErun, B{i1&FAZEILocal Run Manager X TERME DT HA
BlZrun, F( 1=z ger R ‘ ? b
o EKRHEERZD

_ocal Run Manager | Aspon : a T 8 “ | llumina

I] || http/locathost/®flagn O ~ © | | Local Run Manager

Local RunManager | b-os-vamwora
2 0 0 o © | Creste Fun

Local Run Manager

| & ] I N RiA HARIE / B0 WODULE ETATUS LAST RDoMiED.s
\o]u . st 2 run 2 M T T 20183211
P oot YUt s e or Dawewoed
Ligsr § R o e e i Hrl 2311 &
1 4
umert S0 USSODE. MAD
o e Marager Vwwon 31
. ety LT o T 805l | Aciew P -

—



Workflow Parameters

lllumina Experiment Manager

Sample Sheet Wizard - Workflow Parameters l
Metagenomics 165 rRNA Run Settings Metagenomics 165 rRNA Worddlow-Specific Settings
I Reagent Cartridge Barcode® [] Custom Primer for Read 1
Sample Prep Kit [Nextera XT -] Custom Primer for Index
Index Reads @0 @©1 @2 Custom Primer for Read 2 1

[¥] Use Adapter Trimming

Expenment MName
Investigator Mame
Description |
Date 11/25/2013 [@~ *
Read Type @ Paired End ) Single Read
Cycles Read 1 151 sl
Cycles Read 2 151 =
* - required field

Cancel




Sample sheet

[Header]

IEMFileVersion

Investigator Name Me
Experiment Mame My Experiment

Date
Workflow
Application
Assay
Description
Chemistry

[Reads]

[Settings]
Adapter

[Data]
Sample_ID
Metal
Metal
Meta3
Metad
Metas
Metab

11/25/2013
Metagenomics
Metagenomics 165 rRNA
Mextera XT

Mine

Amplicon

0
301

CTGTCTCTTATACACATCT

Sample_Name Sample Plate Sample_Well

Soil MetaPlate
Mud MetaPlate
Lea MetaPlate
Lake MetaPlate
Gut MetaPlate
Swamp MetaPlate

al
A2
A3
Bl
B2
B3

I7_Index_ID index

N701
N702
N704
N706
M708
M711

TAAGGCGA 5502
CGTACTAG 5503
TCCTGAGC S504
TAGGCATG 5506
CAGAGAGG 5507
AAGAGGCA 5508

I5_Index_ID index2

CTCTCTAT MetaProject
TATCCTCT MetaProject
AGAGTAGA MetaProject
ACTGCATA MetaProject
AAGGAGTA MetaProject
CTAAGCCT MetaProject

Sample_Project Description

SoilMeta
MudMeta
SeaMeta
LakeMeta
GutMeta
SwampMeta
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LR

BaseSpace Load Flow Load - Pre-Run Post-Run
Options Cell [ P— Review Check s Wash \
—. #MS52023596-300V2 "phiX v2 MCS2_3 Test"
Workflow: Resequencing 151 151 BaseSpace User: calim@illumina.com
Intensity Q-Score All Cycles Flow Cell
2000
1800
1600
g 1400
§ 1200
4
E 1000
g a0
410 =
600
400
200
400 |
76 70

Values updated as sequencing progresses
Cluster Density 630K/ mm2 Clusters Passing Filter 94 6% Estimated Yield 3449 9MB m

o I o 00000

4MH°C HHAC

4.00°C 60.05°C




16S Metagenomics Data Analysis

MiSeq Reporter o
* On-instrument software s i
« Demultiplex indices/samples MiSeq Reporte = =
* Aligns reads and classifies organisms . |




16S Metagenomics Data Analysis
* 16SHTHTRIETIRG

B QIIME2: https://qiime2.org B Mothur: https://www.mothur.org

&ime
&" lime 2|

« B INMERFRESEIPythonFe . BANER
- DEEFNeEE - STRELE
t RITRME . AT R

- wITEN, TIEREERE - TFRBESRETA



Qiime2f5Fm=
| BHRE, RESZMEREDE
O Miniconda3X{4EEERE (LincxgiMacER, BHERF)

O DorkerFRZE (LinxEESHRNUR)
O Virtualbox PN ZES (windows 7RLALE)

Installing QIIME 2

QIIME 2 can be installed natively or using virtual machines. The following pages describe how to install the QIIME 2 Core
2019.4 distribution in either scenario.

» Natively installing QIIME 2

o Install Miniconda

o Install QIIME 2 within a conda environment

o Activate the conda environment

o Test your installation

o Next steps

o How do | update to the newest version of QIIME 2?
» Installing QIIME 2 using Virtual Machines

o Installing QIIME 2 using VirtualBox

o Installing QIIME 2 using Amazon Web Services

o Installing QIIME 2 using Docker




Qiime2f5Fm=
2. ZHERRM

a) QIIME 2 View b) QIIME 2 Studio prototype c) QIIME 2 CLI d) QIIME 2 Artifact API
el — - Xy Untitied - tie
3 200 2. ~ (zsh)
e aiime nf Hupart da =]
= Gt Dotarrans

Jallery

Wl II.. s o e et =

s

COMPUTATIONAL SOPHISTICATION

<
Data analysts (clinicians, policy Microbiome researchers Power users and super- Data scientists and
makers, research subjects) and other domain scientists computer users programmers

a. QIIME2 View: BEEHIESERNNITE, TRETERY, ISR,
b. BIEAEMEQIIME 2 Studio: TS {TakiRieils;

c. MS1TRE q2cli; BHELinUxES1T, IHEHERERNER,

d. Python 3#Z[fYartifact API: #iBERIFR. BFR;
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Qiime24F/=

4. ZEERoJ4Y, (https://view.qiime2.org/)

Ly abunudl

Taxonomic Bar Plots

Expilore the taxonomy of samples in the Moving
Picturas Tutorial. Try selecting different taxonomic
lavels and metadata-based sample sorting

YIFRE BT E

Explore Sampling Depth

Praviow the impact of raratying your data by
manipulating the sampling dapth 10 deternine which
samples or sampla groups would be Sitered

AN REST

Volatility Control Chart

Explore interactive line plots 1o assess how volatile a
dependent variable is over 8 continuous,
independant variabie in one or more groups.

pie| SRR bl

Alpha Rarefaction Plots

Explore afpha divarsity as a function of sampling
depth using the gime diversity alpha-rarefaction

Wi LR E]

FOR RESEARCH USE ONLY

visualizer.

3D PCoA with Emperor

View tha differences Detwean sample cComposition
using unweighted UniFrac in ordination space. Color

the samples by different metadata columns.

=HEF RO HTE

Alpha Diversity Boxplots

View the assocation between categorical metacata
columns and alpha diversity data for Faith
Phytogenaetic Diversty and evennass matrics

aZHEMETUE



Qiime2fFm=
5. DTSRI =

[ o ] ISR, R SR, ((qza) | TREIBMSNER, EaH

}  Ontional Input

T2 (pipelines), BI—&KGSETE M EMNGS. ATES, T—YHREESD,
TSRO HFER —F RS N ERZE{TRITHEE.

Required Input / Output

ddothiod XJArtifact DAL, ATHRRE.

TR, BoERAIIMRIER Y.

Aeieia \ AL (.qzv)  IEEURGHIRRRSEEBHOHRE.

—




Sl RO Miseq3EH

ZEFRE Q30>80%

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

1234567891519 30-34 45-49 60-64 75-79 90-84 110-114 135-139 160-164 185-189 210-214 235-239 260-264 285-289
Position in read {bp}
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1.00

0.75

ratio
]
n
[ )

0.25

0.00

fece

1day 3day 5Sday 7day 10day 15day 20day 25day 30day 35day
group

phylum
Actinobacteriota

. Bacteroidota

Chloroflexi

. Deinococcota

Desulfobacterota

. Firmicutes

Gemmatimonadota
. Myxococcota
others
. Planctomycetota
Froteobacteria
. Verrucomicrobiota
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s ey SRR ARR]
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B - Flavobacterium Actinobacteriota

Oceanobacillus 2 Bacteroidota

[ ] ’T‘?m@mmup

4 group
Pseudogracilibacillus I Sgroup
Sinibacillus 2 3group
DSSF6Y Bgroup
Paenibacillus

Georgenia I Deinococcota

Maoheibacter 4 Firmicutes

Aequarivita Protecbacteria
l Truepera

Sphingobacterium

Marinimicrobium

Pusillimonas
MWH-CFBkS

- Kurthia
- Enterococcus

Glutamicibacter

Weissella

Pediococcus

Lactobacillus

L Escherichia-Shigella

- Gracilibacillus

Bacillus

Lentibacillus

Corynebacterium

Jeotgalicoccus

Sporosarcina

Atopostipes

Enteractinococcus
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MiSeq Workflows

Small Genome
Sequencing

Targeted

Resequencing RNA Sequencing

DNA Amplicon RNA Amplicon Library QC

Metagenomics Assembly Small RNA FASTQ Only
Enrichment m RNA-seq ‘ \

Resequencing

==
RO A
e
S
— R

Note: Refer to the Local Run Manager support
page to verify that your workflow is supported

Highlighted applications
produce FASTQ files only
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- FRABRSS

1. RBEZINRAA, HFA: EURR (800%) , RFSHNE: AEVAXNEE
ITS1/ITS2[X,

2. #NEZEIR, 180N ERDNA, MAFV3IVAK,

3. FEEBINAE, 300N LEHR, WAREVANERITS1X,

4. BRERMEAR, FEN00MLEHER, NAEVIVAKX,

5. TESKRERZFH, 3002 MIERER, WAREVATIERITSTX,
6. NP OLIMEA, TEHRLEDN, WARVATNERITST/ITS2K,
* FRIMIRSS

1. ZERWKRE, 300211 EHFR, NARVANERITSTX,

2. TWREBEHMEVZSHEMEERIIBSE.
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