


DNA technologies: introduction

* The main technologies for sequencing and manipulating DNA are
called DNA technologies

* PCR, DNA sequencing and DNA cloning are valuable tools for genetic
engineering

* The complementarity of the two DNA strands is the basis for nucleic
acid hybridization, the base pairing of one strand of nucleic acid to
the complementary sequence on another strand

* Genetic engineering is the direct manipulation of genes for practical
purposes

* Biotechnology refers to the manipulation of organisms or their
components to make useful products or services



What are the main techniques and
applications of biotechnology?

TECHNIQUES
DNA sequencing Gene cloning PCR amplification
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PCR, sequencing

¥

Well-studied
microbial
chasses

Strain engineering

Screened bacterial
species from
contaminated sites
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Creation of
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9 Target gene

(for example gfp gene)

Origin of
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DNA technologies toolbox

DNA amplification: PCR



Amplifying DNA: The Polymerase Chain Reaction
(PCR)

* The polymerase chain reaction, PCR, can produce many copies of a
specific target segment of DNA

* A three-step cycle—heating (denaturing), cooling (annealing), and
extension—Dbrings about a chain reaction that produces an
exponentially growing population of identical DNA molecules

* The process uses primers, short single-stranded DNA molecules
complementary to sequences to either side of the target sequence



* The key to PCR is an unusual, heat-stable enzyme, a DNA polymerase
called Taqg polymerase

* Other polymerases may be used as well; some are more accurate and
stable than Taqg, such as Pfu polymerase

* The primers used are specific for the sequence to be amplified

* PCR amplification occasionally incorporates errors into the amplified
strands and so cannot substitute for gene cloning in cells



Polymerase chain reaction - PCR

ariginal DNA
to be replicated

nucleotide

ﬂ Denaturation at 94-965°C

'ﬂ Annealing at ~68°C
'ﬂ Elongation at ca, 72 °C
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DNA, denaturation and renaturation

Native double Strands Separated Double helix
helix unwinding strands reformed

A
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Denaturation ) | Renaturation



PCR:
Agarose electrophoresis

Mixture of | Power
DNA mol- ‘ | source
ecules of l R" Cathode Anode
different \' v ,.
sizes
Wells
YW o o

Gel

(a) Negatively charged DNA molecules will move
toward the positive electrode.

Restriction fragments
(size standards)

(b) Shorter molecules are slowed down less than
longer ones, so they move faster through the gel.



SYBR® Green detection TagMan® detection
1
q 1. Denaturation (95°C) 1. Denaturation (95°C)

probe

|
* Smallertarget fragments l F,/\qh
(100 bp aprox. instead of

molecule

feW h un d e d ) 2. Primer annealing (55-65°C)
l 2. Primerand Probe annealing (55-65°C)
1 l
-
3. Extension (72°C) and Detection
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3. Extension (72°C)

Unbound SYBR® Green
IERRRERENIEREN II.

@ Bound SYBR® Green
4. Cleavage of probe and detection
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specific product
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product

Fluorescence

Quenched Fluorescence

. Detectable Fluorescence

Temperature



dPCR: digital PCR

Preparation Distribution PCR reaction Readout

Sample partitioned © Positive reactions Absolute

gDNA, cDNA, RNA, plasma into many reactions ® Negative reactions quantification



Primer design: specificity

 Sequence
* Temperature optimization (higher temperatures, higher specificity).

ATATCGTTGCCTAGTGGTATCGTAAT
S TTTTTTTTITTITTITTTTITTTTTTTTT ¥ ONAtemplate

AGCATTA PCR reverse primer

ATATEGT _

T TTTITIT - 3’  DNA template
IS E NN EEEEEEEEE.

5

TAT ACEAACEGATCACCAT AGC AT TA PCR forwara primar



Primer design: specificity

Option 1 “EASY”: amplification of one given sequence. Eg. Virus laboratory strain.
Option 2 “LESS EASY”: amplification of one virus species, or multiple species eg. 16
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Primer design: retrieving target genome
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Primer design: primer selection

5’ Forward

TTAATLIGAD TTAGLTCALT CATT TTTATG
> Lafl x>

CTTCCHGETE GTATGITGTG THOQAATTETE AGLGEATAAL AATTTCACALC

AGGARACAGC TATGACCATG ATTACGGATT -

-TTﬁ-':ﬁ-'!I AGCCTGRATG GOGRATGGCE CTTTGOCTGG

TTTCCHGOALD CAGAMGEGET GLCLOAANGT TOGRITGGAGT GLGATCTTIC

TGAGGICGAT TG TOCCETERAA CTCOGCAGATS CACGATTALG
o FI'hFi:-l:
ATECGOCCAT CTACACCAAL GTGACCTATC CCATTACGGT CAATCCGOLG

Reverse 3 ,

Then, go to Blast and
search the primer
sequences to validate
if they are really
specific.



Primer design: selection of degenerated primers

834432
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1. Download sequences of diverse
species 2. Align them (eg. Geneious,
Meta...)

3. ldentify conserved regions
Unaligned sequences
Human TATGGA
Chimpanzes TATGGA
Macague EIA. CATT .ILIGI

Aligned sequences

Human ACA AT A
Chimpanzee  ACA AT A
Macaque ATATACANEAC A

GTARM
GTAR
ACAG

ARBARARRCATAT

ARAMAACATAT
AGTAAARRACH

ARAMAARCATATT
ARRMAMCATATT
ARAACAT




Primer design: selection of degenerated primers

TTGATTCTTAAGA. . ... .. CCAGTGTAGC
GGATTGTAGGCT. ... ... ACTGAGGAGTTAT
CTGGACTGTTGCCA. . .. . - . CGGGCGGAGTAC
GAGATTCTGCATC .. .. .- CTAGTGTCGGTAGC
AGACTCTTAAGA. . ..... AGAGAGGAGCTA
GAGTST G%G%AG

T

5° primer 3’ primer



Primer design and PCR optimization

1.Primer specificity

2.Length

3.Annealing and melting temperatures
4.GC composition

5.GC clamp
6.Secodary structure of the primer



Why primers are usually 20 nt long?

Primer lengths of 18-25 nucleotides strike a balance between
specificity and efficiency. Shorter primers may not provide enough
specificity, leading to non-specific binding, while longer primers can
reduce the efficiency of the polymerase chain reaction (PCR) due to

increased likelihood of secondary structures forming. The 18-25

nucleotide length allows for specific binding to the target sequence while
still providing efficient amplification during PCR.



Primer secondary structures

Hairpin Self-dimer Cross-dimer

Depending on the sequence of the primer there’s a chance it could
form hairpins or dimerize with itself or the other primer. This means it could
base pair with itself or base pair with the other primer instead of the template.




DNA technologies toolbox

DNA sequencing



Library preparation

*Quantify the concentration of each library using
quantitative PCR (qPCR) or another suitable method.
*Normalize the concentration of each library to ensure
equal representation in the sequencing pool.

Qubit* 3.0
Fuorormete

Genomic DNA
—

—

Amplify targets using
lon AmpliSeq™ Primer Pool

1 Partially digest primer sequences

Adapters

OR

X
1

Barcode Adapters 5 Ligate adapters

A P1
e Nonbarcoded library

OR
X P1

I Barcoded library



DNA Sequencing

* A gene’s complete nucleotide sequence can be determined using
a process called DNA sequencing

* The first automated procedure was based on a technique called
dideoxy or chain termination sequencing, developed by Frederick
Sanger

* In the last 15 years, “next-generation sequencing” techniques
have been developed that are much faster



In sequencing by synthesis, many DNA fragments are copied

A specific strand of each fragment is immobilized, and the
complementary strand synthesized one nucleotide at a time

Thousands or hundreds of thousands of fragments about 300
nucleotides long can be sequenced in parallel

This is an example of “high-throughput” technology



DNA Sequencing: Sanger sequencing

‘ PCR with fluorescent, 2 Size separation by capillary 3 Laser excitation & detection

chain-terminating ddNTPs gel electrophoresis by sequencing machine
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DNA Sequencing: next generation sequencing

Second Generation
First Generation ot o8 e Third Generation

Sanger Sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent Oxdford Nanopore
Sanger Chain-termination llumina
= Infer nucleotide identity using dNTPs = High throughput from the parallelization of - Sequence native DNA in real time with
then visualize with electrophoresis sequencing reactions single-molecule resolution
= 500-1000 bp fragments = ~50-500 bp fragments = Tens of kb fragments, on average
- F N B
Y Y

Short-read sequencing Long-read sequencing



Sequencing by synthesis

Preparation of DNA fragments

8-

Emulsion PCR
g
Pyrosequencing

PPi

Polymerase

ATP . Sulfurylase

Luciferin

Pyrogram

. Luciferase

Apyrase
dNTP — > dNDP + dNMP + phosphate

dNTP —> ADP + AMP + phosphate

Technique

@ Genomic DNA is fragmented.

Z @ Each fragment is isolated with a
bead.

”
Q ® Using PCR, 108 copies of each

|
s
|

fragment are made, each attached
to the bead by the 5’ end.

No. of nucleotides in sequence

@ The bead is placed into a well with
DNA polymerases and primers.

Template strand
of DNA 3
5 zF L‘fn 5
Primer o
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= |

= = =
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DNA

polym erase/

@ if anucleotide is not
complementary to the
next template base,
no PP;is released, and

® if anucleotide is joined to a
growing strand, PP;is
released, causing aflash
of light that is recorded.

N

[

Results
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/|

M. GCGAA
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| H.IH.H S l! | “lllllli l‘H [

=== @ Solutions of each of the four nucleotides are added
to all wells sequentially and then washed off.
The entire process is then repeated.

X

dcTp

PP

® The process is repeated until every
fragment has a complete complementary
strand. The pattern of flashes reveals the
sequence.

no flash of light is recorded.



Illumina sequencing
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Raw reads

Barcodel 16S hypervariable Barcode2
(Identifies sample) region (Identifies sample)
v v v
lllumina MiSeq
— il ‘ i2 —
Reads
ACGTAGCTAA. ... ....CCGTATCTAG

Rl — «— R2



Amplicon sequencing analy

SIS

Marker gene analyses

INTEGRATED
»-— -
Raw reads PIPELINES
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Exploration
FASTQC
SeqgkKit
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Toolki
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DNA technologies toolbox

DNA cloning



Gene cloning

¥

Strain engineering

Well-studied

Tran et al. 2021



Making Multiple Copies of a Gene or Other DNA Segment

* To work directly with specific genes,
scientists prepare well-defined DNA
segments in multiple identical copies
by a process called DNA cloning

 Plasmids are small, circular DNA
molecules that replicate separately
from the bacterial chromosome

* Researchers can insert DNA into a
plasmid to produce a recombinant
DNA molecule, which contains DNA
from two different sources

BACTERIAL CELL




Reproduction of a recombinant plasmid in a bacterial cell results in cloning
of the plasmid including the foreign DNA

This production of multiple copies of a single gene is a type of DNA cloning
called gene cloning

Selectable

Marker Promoter

, 5'Primer Site
' Restriction Site

Inserted Gene

Plasmid Map

= Restriction Site
3’ Primer Site

Antibiotic
Resistance
Gene

Origin of Replication



Bacterium @) Gene inserted ~ Cell containing gene

a into plasmid of interest

( /'1 (a cloning vector)
_L7
Bacterial Plasmid
chromosome 4._-/
DNA of
Recombinant §/ “Gene of chromosome
DNA (plasmid) Interest (“foreign” DNA)
@ Plasmid putinto
bacterial cell

Recombinant
bacterium

@ Host cell grown in culture to form a clone of
cells containing the “cloned” gene of interest

- __:\:';\

Gene of
interest

. ) Protein expressed
from gene of interest
Copies of geney * . Protein harvested
L

@ Basic research
and various
applications

Gene for pest resistance
inserted into plants

Human growth hormone
treats stunted growth

Protein dissolves blood clots

Gene used to alter bacteria )
in heart attack therapy

for cleaning up toxic waste




* Aplasmid used to clone aforeign gene is called a cloning vector

* Bacterial plasmids are widely used as cloning vectors because
they are readily obtained, easily manipulated, and easily

Introduced into bacterial cells, and once in the bacteria they
multiply rapidly

* Gene cloning is useful for amplifying genes to produce a protein
product for research, medical, or other purposes



Scissors and glue for gene cloning: restriction enzymes

* Bacterial restriction enzymes
cut DNA molecules at specific
DNA sequences called |
restriction sites insert et
* Arestriction enzyme usually

makes r.nan%/ cuts, yielding e g
restriction fragments )
* The most uselgu[\ll’ra\estriction l
enzymes CUt — — Recombinant
In a staggered way, producing T rsticong o
enzyme

fragments with at least one
single-stranded end called a
sticky end Cloning

Cloning vector cut
with restriction
enzymes

vector




* Sticky ends can bond with complementary sticky ends of other
fragments

* DNA ligase is an enzyme that seals the bonds between restriction
fragments

* This allows researchers to join two DNA fragments from different
sources



Bacterial
plasmid

Restriction site

5 f 3
PNA mCT TAAcEI
3 ¢ 5
9 Restriction enzyme cuts
the sugar-phosphate
backbones at each arrow.

' 3 '
M, EETT o
¥ i Sticky ’ 5

9 Base pairing of sticky
ends produces various
combinations.

Fragment from different
DNA molecule cut by the
same restriction enzyme

5' 3'5' 3'5' 3
NG| [AATT cCIG/[AATT Cl
[ C TTAAI[GITTTTTC TTAA G
3 5'3" 53" 5'
e DNA ligase One possible combination
seals the strands.
5' 3
3"  Recombinant DNA molecule 5

Recombinant
plasmid



Animation: Restriction Enzymes




DNA fragments obtained
by PCR with restriction
sites matching those in
the cloning vector

ut with same restriction
—enzyme used on cloning

vector
Cloning vector

(bacterial plasmid)

Mix and ligate

A gene that makes bacterial
cells resistant to an antibiotic
IS present on the plasmid.

Recombinant
DNA plasmid

Only cells that take up
a plasmid will survive.



Animation: Cloning a Gene

Plasmid

DNA
E. coli Human cell




DNA technologies toolbox

Gene expression and editing



Well-studied
microbial
chasses

Screenad bacterial
species from
contaminated sites

Strain engineering

Genome analysis

Oz

Testing gene expression

)

Tran et al. 2021



Expressing Cloned Genes

* After a gene has been cloned, its protein product can be produced in larger
amounts for research or practical applications

* Cloned genes can be expressed in either bacterial or eukaryotic cells

* Several technical difficulties hinder expression of cloned eukaryotic genes
In bacterial host cells

* To overcome differences in promoters and other DNA control sequences,
scientists usually employ an expression vector, a cloning vector that
contains a highly active bacterial promoter

* Molecular biologists can avoid eukaryote-bacterial incompatibility issues
by using eukaryotic cells, such as yeasts, as hosts for cloning and
expressing genes



Another problem with eukaryotic gene expression in bacteria is the presence of introns in most
eukaryotic genes

Researchers can avoid this problem by using cDNA (short for copy DNA or complementary DNA)

is synthetic DNA that has been transcribed from a specific mRNA through a reaction using the enzyme
reverse transcriptase), which contains only exons.

-.‘ Racambinant DNA

plasmid with Protein 2 F 3 h, . Mammalian ol
af interest A \ L
= = 4 o

' } R .
{ = . -
Bacterial call L— \ .- S -\ J #. et

) - T M
Plasmid introduced into bacterial cell Microbial culture produces Furified copies of Plasmid introduced into Mammalian culture expresses Protein of interest
millions of new bacteria  recombinant DNA plasmid mammalian cell Protein of interest
Transformation Amplification Transfection

Expression



* One method of introducing recombinant DNA into eukaryotic cells is

electroporation, applying a brief electrical pulse to create temporary
holes in plasma membranes

* Alternatively, scientists can inject DNA into cells using
microscopically thin needles or viral vectors

* Onceinside the cell, the DNA is incorporated into the cell’s DNA by
natural genetic recombination



Example of transformation

Yeast Transformation by Electroporation

© &

Cell preparation Plasmid addition

Electrocompetent
yeast cells are

Plasmids with a gene
of interest are added

cultured to the yeast culture
Electric
Yeast cell Plasmid pulses
;’ —

® ®

Electroporation Transformation

An electroporator is Cells containing
used to permeabilize the plasmid are
cells antibiotic resistant




Expressing Cloned Genes

* Analysis of when and where a
gene or group of genes is

NUCLEUS

expressed can provide WVELWN/M
Important clues about gene T T T

function

* The most straightforward way to
discover which genes are
expressed in certain cellsis to
identify the mRNAs being made

CYTOPLASM



Studying the Expression of Single Genes

* MRNA can be detected by nucleic acid hybridization with
complementary molecules

* These complementary molecules, of either DNA or RNA, are
nucleic acid probes

* In situ hybridization uses fluorescent dyes attached to probes to
Identify the spatial location of specific mMRNAs in place in the
Intact organism



Example of FISH 3 5 3 5

[TAACGGTTCCAG] [ TCAAGTTGCTCT|
--AUUGCCAAGGUC... --AGUUCAACGAGA...
Determining where single genes are 5 / 3 5 \ ¥
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? Protein gradients
establish segmentation

Thoracic Abdominal
segments segments Embryo at 10 hours Segments

Head Thorax Abdomen



* Reverse transcriptase-polymerase chain reaction (RT-PCR) is
useful for comparing amounts of specific mMRNAs in several
samples at the same time

* Reverse transcriptase is added to mRNA to make
complementary DNA (cDNA), which serves as a template for
PCR amplification of the gene of interest

* The products are run on a gel, and the complement of the mRNA
of interest is identified



Making complementary DNA
(cDNA) from eukaryotic genes

DNA in
Wnucleus
MRNAS In
\Q/cytoplasm

Reverse
transcriptase Poly-A tail

mRNA:IiE
5'

AAAAAlA 3’
TTTTT|5'

DNA  Primer
strand (poly-dT)

SEmmEmEEAasaan3
3 . T TTTT 5

¢

5'
3'

DNA
polym erasel
5 m— 3

I EE— £
cDNA
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Studying the Expression of Interacting Groups of Genes

* The study of expression of thousands of genes at one time
constitutes a systems approach

* One aim s to identify networks of gene expression across an
entire genome

* DNA microarray assays compare patterns of gene expression in
different tissues at different times or under different conditions

* A microarray consists of tiny amounts of many single-stranded
genes fixed to a glass slide



Microarrays
cDNA

Each dot is a well
containing identical
copies of DNA
fragments that carry
a specific gene.

Genes expressed
in first tissue.

in second tissue.

Genes expressed

I\:\ Genes expressed
( in both tissues.

ey
/ e Genes expressed

{\ y inneither tissue.




RNA sequencing

* With rapid and inexpensive sequencing methods, researchers
can now just sequence cDNA samples from different tissues or

embryonic stages to determine the gene expression differences
between them

* This approach is called RNA sequencing or RNA-seq

* RNAs are isolated, cut into short, similar-sized fragments,
converted into cDNAs, and sequenced



RNAseq

@ mRNAs are
iIsolated from the
tissue being studied.

@ mRNAs are cut into
similar-sized, small
fragments.

© mRNAs are reverse-
transcribed into cDNAS
of the same size.

@ cDNAs are
sequenced.
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Determining Gene Function

* One way to determine function is to disable the gene and observe
the consequences

* Using in vitro mutagenesis, specific mutations are introduced
Into a cloned gene, altering or destroying its function

* When the mutated gene is returned to the cell, the normal gene’s
function might be determined by examining the mutant’s
phenotype



In vitro site directed mutagenesis

Original plasmid Zo— Primer with Newly synthesised

(methylated) mutation plasmid (unmethylated)



Gene editing: CRISPR-Cas9

* The CRISPR-Cas9 system is a powerful new technique for gene
editing in living cells and organisms

* Cas9 acts together with a “guide RNA” made from the CRISPR
region of the bacterial system

* [twill cut both strands of any DNA sequence complementary to
the guide RNA

* |fthe guide RNA is engineered to be complementary to the target
gene, the target DNA will be cut



Gene editing: CRISPR-Cas9

* When the cut DNA is repaired,
nucleotides may be introduced or
removed, causing the gene to be
Inactivated Target site

* Researchers have also modified

the technique so a gene with a l
mutation in it can be repaired TITTLITTIT

* Thisis done by introducing a NonHom VEET Jomg/ \ .. .
segment of the wild-type gene, T
which may be used as a template |
to repair the target DNA =

Gene replacement or correction by

Gene disruption by insertions or deletions e
homologous recombination



Gene editing: CRISPR-Cas9 = aweaes. nmee

Cas9 active sites NUCLEUS

Guide RNA
complementary
sequence

‘guide” the Cas9 protein
to atarget gene

5: 30
——
Complementary
sequence that can

Active sites that bind to a target gene

can cut DNA
Cas9-guide RNA complex

CYTOPLASM

NUCLEUS



Biomedical applications

Protein Production in Cell Cultures

* Pharmaceutical products are
commonly synthesized on a large
scale using cell cultures

* The host cells can be engineered to
secrete a protein as itis made,
simplifying the task of
purifying it

* Human insulin and human growth
hormone (HGH) are among the first
such products made in this way

"4

/ pituitary gland
makes growth
hormone (GH)




Production of ‘EcoRI
human g rowth m Gene for human
Recombinant growth hormone
hormone Gene for human DNA
growth hormone
DNA
Sticky recombination

Human Cell

Bacterial Cell

Bacterial

Bacterial cell for
containing gene for
Plasmid human growth hormone



Forensic Evidence and Genetic Profiles

* An individual's unique set of genetic markers, or genetic profile,
can be obtained by analysis of tissue or body fluids

* DNA testing can identify individuals with a high degree of certainty

* Genetic profiles are currently analyzed using genetic markers
called short tandem repeats (STRs)



STRs are variations in the number of repeats of specific DNA
sequences

PCR and gel electrophoresis are used to amplify and then identify
STRs of different lengths

The probability that two people who are not identical twins have
the same STR markers is exceptionally small

As of 2016 more than 340 innocent people have been released
from prison as a result of STR analysis of old DNA evidence



(a) Earl Washington just
before his release in
2001, after 17 years in

prison
Source of STR STR STR
sample marker 1 marker 2 marker 3
Semen on victim 17,19 13,16 12,12
Earl Washington 16,18 14,15 11,12
Kenneth Tinsley 17,19 13,16 12,12

(b) These and other STR data (not shown) exonerated
Washington and led Tinsley to plead guilty to the murder.



Environmental Cleanup

* Genetic engineering can
be used to modify the
metabolism of
microorganisms

elective 1solation oI spent o1

e Some modified degrading bucteria imBH searmedia  Purified colonies of G.terrae
microorganisms can be 4 !
used to extract minerals
from the environment or
degrade potentially toxic _

Liquid-liquid solvent extraction

wa St € ma te ria lS Beforedegmdsonot sl After degradation of residual oil for gravimetric
analysis after degradation

@ =

Oil displacement due to biosurfactant production in the course of free (a), coarse (b) and micro-emulsified oil degradation

5 .4/_:. (b) s L e e



Agricultural Applications

* DNA technology is being used to improve
agricultural productivity

* Agricultural scientists have endowed a
number of crop plants with genes for
desirable traits

* Genetic engineering in plants has been
used to transfer many useful genes,
including those for herbicide or pest
resistance, increased resistance to
salinity, and improved nutritional value of
crops

Genetically modified organism

insecticide gene created
using recombinant
DNA technology

I

* digestion with
restrlctlon enzymes

X — /)

cleaved cleaved

plasmid
vectors

DNA vectors

growing plant cells

take up insecticide gene
from plasmid vectors

> (i

w select for V

insecticidal cells A [P—
for plant

insects that feed on propagation
the plants will die N 7,

© Encyclopaedia Britannica, Inc.



Extra slides: not to be evaluated

Case study: investigating bacteria communities
in the aquatic ecosystems



Microbial communities are the most abundant life forms in arctic lakes

10°-10'° phages/liter
107-10° bacteria
102-10“ protists
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Sample pre-processing

* Filtering (0.8, 0.45, 0.22 um...)

* Fixation

e Culturing, enrichments...

* Measuring environmental parameters as

metadata Amplicon sequencing
« Appropriate sample conservation OO O
Mixed microbial community } :_ :——_ :_
Multiple copies of fragments
O from 1 target gene
DNA
Extraction
' Metagenomics sequencing

* In-house protocols O O
+ Commercial kits
= Extraction controls to seq

Short sequence
fragments from "all" DNA




Nucleic acid extractions

§ — —
2

Add lysis

Buffer Lysate Bind DNA

Spin DNA Spin
Coull :

DNA
wash
buffer

Spin

| — = \

Ready to-
use purified
.. DNA



Methodology . PCR

* DNA Sequencing

16/18S

metagenomics  4pCR (16s rRNA, mcyA, 18s...)
lllumina NextSeq

) 6) Vv

2L

/. _, lf".f Taxonomic Diversity indices Functional
o A abundance (alpha as Chao1, beta as predictions
(reads/total Bray-Curtis dissimilarity (Picrust2)
sequencing reads) distance)

Identification of
biomarkers

Correlation and redundancy (LefSe)

analysis
(RDA plots, environmental
associations)



Amplicon sequencing:

Sequence a well-conserved gene Bacterta profiling 165 TRNA
. . . Vi V2 V3 va V5 V6 Y7 V8 ve
Based on "universal"” (-ish) primers for PCR ‘_._-__.____._-_.__._._,

. . Vi-v3
Gene sequence is a barcode for species ¢

Vivg o

"

VERH .
>

A AN

Usually, ribosomal RNA

Bacteria/Archaea: 16S rRNA Richeal profiling; 165 rRNA
vi V2 Vi va Vs vé Y7 V8 ve
Fungi: Internal Transcribed Spacer (ITS) I.l_-_-_-_l_-_l_l_l,l

< >
- r 4

Other genes occasionally used, e.g. COIl

Fungal peofiling: Internal transcribed spacer (IT5)
18S rDNA ITS1 5.8S5 rDNA ITS2 28S 1DNA

& 1751 . 2 ITs2
< > €

KN
r 4




What is 16S rRNA?

o 16S rRNA is a type of ribosomal RNA, a key structural and functional component of ribosomes—the
cellular machinery responsible for protein synthesis.

o Found in the small subunit of prokaryotic ribosomes, 16S rRNA is highly conserved across different
bacterial and archaeal species.

Ribosome

30S subunit

:l» 508 subunit

16S ribosomal RNA

R ( v
plasma y ’ 1 cytoplasm
membrane : . ribosome e ¢

1
\
cell wall - 7 \
\
A

inclusion - ~ -
. 23S 5S
< Bacterial genome / 165 ,/
) hplﬁmid 16S rRNA gene 23S rRNA gene 5S rRNA gene
Vi V2 V3 V4 VS V6 V7

V8
B I N N I
1000

| 100 200 300 400 S00 600 700 800 900
27F 341F 530F 685R 907R 1100R 1392R 1492R
+> +> > - -« e + -

100 1200 1300 1400  base



Functional significance

* The primary function of 16S
rRNA is to help align and
stabilize the ribosomal
components during protein
synthesis, facilitating the
decoding of mMRNA (messenger
RNA) and the binding of tRNA
(transfer RNA) molecules.

completed
proteln molecule

nbosomal
messenger RNA subunits

dlrectlon of translation
polypeptide chain

transfer RNA that
donated a segment

amino acid

@u N,
@'ﬁj S “)“@
QS

5 ) A
L b e )
C ucC
. / G ribosomal
anticodons G subunits
G

GUA

uC A

A CCUGUUCGCAAGCCUCUAGC
.

o=
@

_>
direction of translation ~ N Y 3

I
messenger RNA \ codons /



16s rRNA gene regions

16s rRNA gene (1542 bp)

68 136 433 576 821 980 "7 1243 1435

B Conserved region
BN variable region

Popular region samples
used in short-read 16s
sequencing

V6-V9
V1-V9 (Full-length)



Workflow of 16S rRNA Sequencing

Sample collection
*DNA extraction

1. Amplicon generation

*16s rRNA PCR amplification
Library preparation
*Sequencing

*Data analysis

Adapter & index ligation

DNA extraction Genomic DNA
I ——

First step PCR

Linker 1 + Forward Primer
I

— Genomic DNA
L. 3
| han
Reverse Primer + Linker 2

B de X+ Linker 1
Second Step PCR aru—e: First step amplicon

I
A E—
l Linker 2 + Barcode Y
Second step amplicon

i o . IR

v

Mixed microbial community

2. Sequencing

Barcode Primer Target gene sequence Linker Sp2 p7
EEEE TEEESSSTTTTTTTO eSS -
PS 5P1 Linker Primer Barcode i7 index

3. Amplicon sequence analysis

DNA
Extraction

Sequence variant calling

Read 1, Farward ligation

Read 2, forwmrd Iiﬁtlon
Faad 1, reverse Iliathn

!

Read 1, farward igacion [
P =4 2, forvard ligtion

Read 1, reverse igation [
I Read 2, reverse ligation

]

ey

Demultiplexing

Read 2, reverse ligation

Barcode, linker
& primer trimming




16s rRNA PCR: amplicon generation

—

Oligos for PCR reaction

Barcodel 16S hypervariable Barcode2
(Identifies sample) region (Identifies sample)

B ——

Sequencing 16S forward primer 16S reverse primer Sequencing
adapter (binds to conserved (binds to conserved adapter
(binds to flowcell) region in gene) region in gene) (binds to flowcell)



PCR + sequencing:

Bacteria community composition in East Greenland lakes

100 1

=]
A
i

Relative abundance (%)
5 g

D -
Black_rockCreek_lake Crystal

Erik

Farewell FORELSo Malachite

Mars

Mivi

Waterfall

White

Ymer

Genus
. Others
. Bacteria|Actinobacteriota|Actinobacteria|Micrococcales|Microbacteriaceas| Cryobacterium
Bacteria|Cyanobacteria| Cyanobacteriia|Chloroplast|Chlorophyta symbiont of Lubomirskia sp.|
Bacteria|Protecbacteria| Gammaprotecbacteria| Burkholderiales|Methylophilaceag|Methylotenera
Bactena|Protecbacteria| Gammaprotecbacteria| Burkholderales| Comamonadaceae| Rhodoferax
Bacteria|Actinobacteriota| Actinobacteria|Micrecoccales|Micrococcaceae|Pseudarthrobacter
Bacteria|Actinobacteriota|Actinobacteria| Corynebacteriales|Mycobacteriaceas|Mycobacterium
Bacteria|Protecbacteria| Gammaprotecbacteria| Burkholderiales| Comamonadaceae|Limnchabitans
Bacteria|Actinobacteriota|Acidimicrobiia|IMCC26256|Actinobacteria bacterium IMCC26256|
Bactena|Actinobacteriota|Actinobacteria|Micrococcales|Microbacteriaceas|Parafiigoribacterium
Bacteria|Protecbhacteria|Alphaprotecbacteria| Sphingomonadales|Sphingomonadaceae|Sphingorhabdus
Bacteria|Protecbacteria| Gammaprotecbacteria| Burkholderiales|Burkholderiaceas|Polynucleobacter
Bacteria|Protecbacteria|Alphaprotecbacteria|Caulobacterales|Caulobacteraceae|Brevundimonas
Bactena|Actinobacteriota|Actinobacteria|Frankiales|Sporichthyaceae|hgel clade

Bacteria|Protechacteria| Gammaprotecbacteria| Burkholderales| Comamonadaceas|Polaromonas

Bacteria|Bactercidota|Bacteroidia| Flavobacteriales|Flavobacteriaceae |Flavobacterium



PCR + sequencing: Identification of core microbiome in East Greenland lakes

Polaromonas o

Flavobacterium -

hgcl clade 1

CL500-29 marine group -

Rhodoferax -

Brevundimonas -

Polynuclecbacter 4
Bacteria_Cyanobacteria_Cyanobacteriia_Chloroplast_uncultured bacterium_ 4
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PCR + sequencing: estimating bacteria diversity in East Greenland lakes
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