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Today’s class

* Metagenome and bioinformatics

* Bioinformatics analysis using metagenome
— DNA extraction
— Library preparation
— High-throughput sequencing
— Data pretreatment

— Bioinformatics analysis



Metagenomics / Bioinformatics

Metagenomics™: study of genetic materials recovered directly

from environmental or clinical samples by sequencing

Bioinformatics: study of developing

For prokaryotes, commonly performed by analyzing 16S rRNA**

* “meta-" means more comprehensive
** Strictly speaking, DNA that encodes
16S rRNA

methods and tools for understanding biological data

Why metagenomics?

Microbial community evolves in response to its environment
Different microbial communities may function differently

To understand microbial community we need information on its
members

Many of the microorganisms in environmental samples are viable but
not culturable 3
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Figure 2. Genus-level relative abundance of samples collected at the 7th, 29th, and 50th
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Bioinformatics analysis using metagenome:

General workflow

Sample collection
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Data pretreatment

Removing adapters and linkers
Excluding chimeras and
replication

Demultiplexing of barcoded
samples

High-throughput
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Nanopore sequencing



DNA extraction: general procedure

1) Cell lysis (break open the cell)
2) Separate the DNA from other cell components
3) Isolate the DNA

Procedure example
May be different for different types of samples/extraction methods

Repast 2-3 times




Library preparation

 Metagenomic library: fragments of genetic material extracted from
environmental or clinical samples and cloned™* into specific

vectors**
* copied

** a DNA molecule used to carry a particular DNA segment

 Needed for high-throughput sequencing

e Specific library prep methods needed for each sequencing
technique



Library prep example — lllumina seq.

3 &9
o % e
o B
-3 Ve
N 9\"‘:’ 69 i
-y
#‘-f %

Adapters are attached to randomly
fragmented DNA

|
1!
| i

Denatured single-stranded fragments are
bound to the surface of the flow cell



Unlabeled nucleotides and DNA Polymerases uses nucleotides to build
polymerase are added double stranded bridges on the surface



Bridges are denatured The single stranded DNA are amplified to
millions of identical single-stranded DNA
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Seguencing

* For metagenomic analysis, rapid DNA sequence reading is
needed

— Because thousands ~ millions of sequences should be read

* High-throughput sequencing (a.k.a. next-generation
sequencing) is used

* Currently-used NGS techniques
— 454 sequencing (pyrosequencing)
— Illumina sequencing
— Single molecule, real-time (SMRT) sequencing
— Nanopore sequencing



Sequencing example — lllumina seq.
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Repetition for sequencing
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Data pretreatment

* From the raw sequence reads
— Remove adapters and linkers
— Exclude chimeras™* and replication

— Demultiplex barcoded samples * artifact sequences formed by two or more
sequences incorrectly joined together

* Many software tools are available

14



Demultiplexing of multiplexed sample
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Bioinformatics analysis

First, sequences of close similarity should be grouped or be
represented by one sequence because

— 16S rRNA sequence of microorganisms that belong to the same
species may not be exactly the same

— Errors occur during DNA amplification and sequencing

OTU vs. ASV approach
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Operational Taxonomic Units (OTU) approach

1) Group around known sequences from 2) Left-over sequences grouped
databases via de novo clustering
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Amplicon sequence variants (ASV) approach

* Find the most likely single sequence of a cluster using

statistics

 Each sequence is called as an ASV

=
=

i2
wn

H

unig_3

i

uniq_6

dereplication

N

uniq_2

\

H

I

uniq_1

i m’

c
2,
o

BEY

!

abu.r}q_qp_c.e Poisson distribution
1% partition _.-b.value ’
center = 4
Sample uniq_2 : ___error ratg
inference denoised : & ¥
—_—
- 2™ partition
—— _ <p-value . e
 — ... <OMEGAA ‘> i
— #~~ — uniq_3 : 3
‘_-' 3" partition
3 . center E
— . [ ‘ sew®
= - uniq_4 ; :
L s 1 @ : OMEGA _A = le-40
T 4 pool = FALSE
" . selfConsist = FALSE
sequence label abundance
uniq_1 10,000 sequence label abundance
_ uniq_2 8,500 ATGACG...| 10,000
uniq_3 4,500 CGCATG...| 8,500
_ uniq_4 300 ACTGGA...| 4,500
—_ uniq_5 75 ——— | ATGACC...| 300
_ unig_6 1

consistent labels



Bioinformatics analysis — example
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Table 3

Equation and index meaning of parameters for alpha diversity analysis.

Index Equation Note
Chaol index Schaor and S, are the estimated and observed OUTs number,
sln=1) respectively; n; and n; are the number of OTUs with 1 and 2
Schaor = Scbs + WI'H) sequences, respectively.
ACE index n; is the number of OTUs containing i sequences; S, is the number
S ny , of OTUs containing ‘abund’ number of sequences or less; S unq is the
SACE = Sabund + C—m + o Yace (foryacg<0.8); number of OTUs containing more than ‘abund’ number of sequences;
s e ‘abund’ is threshold value of dominant OTU.
Srare m 2
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Cace  Cace CE s
nl
=1-——
ACE Neare
abund
Nrare = Z i*nj
i=1
. [ Spare 22936 — 1)y
Y ACE = max
t Cace “ram(Nram_l)
& - = max| y2 | 1 Nere=Cace) T i - omi|
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Shannon- Wiener
index

Simpson index

Good's coverage

Hst:—sofﬁnﬂ
i=1 N N

_ X0t nini—1)
Deimpeon = N(N—-1)

S is actually observed OTUs number; n; is the number of sequences
in No. i of OTU; N is total number of sequences.

S.aas is actually observed OTUs number; n; is the number of sequences
in No. i of OTU; N is total number of sequences.

n; is the number of OTUs with 1 sequence; N is total number of
sequences.




Suppl. info (1): Types of diversity

* Alpha-diversity: mean species diversity in a site at a local scale

» Beta-diversity: ratio between regional and local species
diversity

« Gamma-diversity: total species diversity in a landscape
— Gamma-diversity = alpha-diversity + beta-diversity
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Suppl. info (2): Polymerase chain reaction (PCR)

* Small sections of the extracted DNA are amplified using naturally
occurring enzymes involved in cellular DNA replication

* PCRingredients

The sample DNA (template DNA)

PCR primers: short oligonucleotides that complement a section of the target DNA
sequence

DNA polymerase: a naturally occurring enzyme that creates copies of DNA during cell
replication

Mixture of nucleotides: building blocks for new DNA
pH buffer containing Mg2*
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Typical procedure for 1 cycle
— Heating to about 95°C to separate double stranded DNA into single strands
— Lower the temp. to 45~65°C to allow PCR primers to anneal to the DNA template

— Increase the temperature to about 72°C and DNA polymerase extends the copy of the
template DNA

The original DNA is substantially amplified after several tens of cycles
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@) Denaturation at ~95°C
© Annealing at 45~65°C
©) Elongation at ~72°C
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