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Aim & uses of PCR
W Polymerase
O Chain
</ Reaction _

V

C\ic,\y.
« DNA sequence rapid amplification technique
» Uses a small amount of DNA
» Replication cycles towards large quantities
O « Uses
 Selective DNA isolation & DNA sequencing
« Amplification & quantification of target DNA regions

(Khehra et al., 2025)
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A brief history of PCR development

« 1971 first description of a method using enzymatic assay to replicate a short DNA template with primers in vitro

&

radioactive-labelled oligonucleotides

(' Thermosensitive enzymes: clumps, issues with replication
Manual process: tedious, time consuming
Hazardous: early stages of research with hybridization of

~

PCR through the ages
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53

The discovery of
the DNA double
helix structure

195

1955 1960 1965

2| Science 3| Kary Mullis 31 The first complete
22| Magazine 2| received the 2| genome of a free-
names Jaq Nobel Prize living organism is
polymerase sequenced by Venter
its first The first real-time PCR and colleagues
“Molecule of instrument is described (Haemophilus
the Year” influenzae)

Lynx Therapeutics

publishes and markets
"MPSS" - a parallelized,
adapter/ligation-mediated,
bead-based sequencing
technology, launching “next-
generation” sequencing

2007

The first
complete
human
genome is
sequenced by
Levy et. al,

2010

Gibson et al. create
the first bacterial cell
controlled by a
chemically synthesized
genome (using
Phusion High Fidelity
DNA Polymerase)

Thomas Brock ©| Tagpolymerase is isolated ~ 5¥| The first cited use of microarray technology 53| PCR
reports on the 2| (athermostable DNA | (Augenlicht LH, Kobrin D. “Cloning and 2| technique
isolation of a polymerase named screening of sequences expressed ina is described
extremophilic g} -after the thermophilic mouse colon tumor.”. Cancer in an article
bacterium i P & bacterium » Research42 (3): 1088-1093. published
Thermophilis % ¥ oo . Thermus PMID 7059971, 1982. http:// in Science
aquaticus o7 -, aquaticus) . cancerres.aacrjournals,org/ (Saiki et af)
AR T WA % content/42/3/1088 long
1970 1975
Kleppe and Frederik Sanger and colleagues Working for Cetus, Kary Mullis
co-workers first introduce the “dideoxy” discovers that using two
describe a method chain-termination method for oligonucleotides instead of one
using an enzymatic sequencing DNA (also known — on opposite strands- enables
assay to replicate a as 'Sanger sequencing’}. It DNA to be synthesized from a
| short DNA template utilizes DNA polymerase, single, specific, location in the
2| with primers in vitro | nucleotide precursors and one 22| genome. Technique for PCR

—

oligonucleotide primer

In vitro : process taking place in atest tube #in vivo

was created

1988

Patent for Tag DNA

polymerase is filed by
Mullis et al.

The first automated
PCR cycler is introduced
to the market by Perkin
Elmer and Cetus

(joint venture)

1991

The first high-
fidelity DNA
polymerase is
characterized
by Mattila
etal.

Hot start PCR
by wax

Antibody
based
hot start
technology
-} described

4

1994

Genome of the first Phusion High-
eukaryotic organism, Fidelity DNA
Saccharomyces Polymerase, the ™
cerevisiae, is sequenced first PCR enzyme
based on fusion

Two commercial protein technology,
real-time PCR is launched by

& | instruments are launched 22| Finnzymes Oy

2| to market &

el
2009 T

Ll
The MIQE guidelines
[(Minimum Information for
Publication of Quantitative
Real-Time PCR
Experiments) are published
by Bustin et. al.

5
(The History of PCR | Thermo Fisher Scientific - US, n.d.)



A brief history of PCR development

« 1971 first description of a method using enzymatic assay to replicate a short DNA template with primers in vitro

« 1976 isolation of Taq DNA polymerase enzyme

Thermostable enzyme
isolated from Thermus

aqua ticus
PCR through the ages
5| Thomas Brock Taq polymerase is isolated The first cited use of microarray technology 53| PCR | Science 3| Kary Mullis 21 The first complete 2| Lynx Therapeutics 5| The first = | Gibson et al. create
2| reports on the (a thermostable DNA (Augenlicht LH, Kobrin D. “Cloning and 2| technique 22| Magazine 2| received the 2| genomeof afree- S| publishes and markets | complete | the first bacterial cell
isolationofa polymerase named screening of sequences expressed ina is described names Jaq Nobel Prize living organism is "MPSS" - a parallelized, human controlled by a
extremophilic  / gl after the thermophilic mouse colon tumor.”. Cancer in an article polymerase sequenced by Venter adapter/ligation-mediated, genome is chemically synthesized
2| The discovery of bacterium i B % bacterium v Research42 (3): 1088-1093. published its first The first real-time PCR and colleagues bead-based sequencing sequenced by genome (using
22| the DNA double Thermophilis iy Thermus : PMID 7059971, 1982, http:// in Science “Molecule of instrument is described (Haemophilus technology, launching “next- Levy et. al. Phusion High Fidelity
helix structure aquaticus i e aquaticus) “%  cancerres.aacrjournals.org/ (Saiki et af) the Year” influenzae) generation” sequencing DNA Polymerase)
YT WAL B content/42/3/1088.Jong
1950 1955 1960 1965 1970 1975 1980 N 1985 1990 1995 2000 2005 2010
4 ./ Lo .
Kleppe and Frederik Sanger and colleagues Working for Cetus, Kary Mullis Patent for Tag DNA The first high- Antibody Genome of the first Phusion High- /o » The MIQE guidelines
co-workers first introduce the “dideoxy” discovers that using two polymerase is filed by fidelity DNA based eukaryotic organism, Fidelity DNA [Minimum Information for
describe a method chain-termination method for oligonucleotides instead of one Mullis et al. polymerase is hot start Saccharomyces Polymerase, the ™ Publication of Quantitative
using an enzymatic sequencing DNA (also known — on opposite strands- enables characterized =, ; technology cerevisiae, is sequenced first PCR enzyme ) Real-Time PCR
assay to replicate a as 'Sanger sequencing’}. It DNA to be synthesized from a The first automated by Mattila 2| described based on fusion Experiments) are published
= | short DNA template utilizes DNA polymerase, single, specific, location in the PCR cycler is introduced etal, Two commercial protein technology, 3| by Bustin et. al.
2| with primers in vitro | nucleotide precursors and one 21 genome. Technique for PCR to the market by Perkin real-time PCR is launched by &
\ ) 2| oligonucleotide primer 21 was created 23| Elmerand Cetus | Hotstart PCR & | instruments are launched 22| Finnzymes Oy
o s o =) (=1
~ | (joint venture) <1 bywax — | tomarket ~

In vitro : process taking place in atest tube #in vivo

6
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« 1971 first description of a method using enzymatic assay to replicate a short DNA template with primers in

« 1976 isolation of Tag DNA polymerase enzyme
« 1983 Kary Mullis develops the first PCR technique

PCR through the ages

1953

1950

5| Thomas Brock
2| reports on the

o
~
(=p]

isolationofa
extremophilic /¢ ]
The discovery of bacterium i By
the DNA double Thermophilis

helix structure aquaticus

1955 1960 1965 1970 1975

Kleppe and
co-workers first
describe a method
using an enzymatic
assay to replicate a
short DNA template
with primers in witro

—

1971

Taq polymerase is isolated
(a thermostable DNA
polymerase named

after the thermophilic

J& bacterium

it ‘ aquaticus)
> < _‘. ~

&y

Thermus

[£3

1980

4

Frederik Sanger and colleagues
introduce the “dideoxy”
chain-termination method for
sequencing DNA (also known
as 'Sanger sequencing’}. It
utilizes DNA polymerase,
nucleotide precursors and one
oligonucleotide primer

In vitro : process taking place in atest tube #in vivo

1983

| genome. Technique for PCR

The first cited use of microarray technology 53| PCR
(Augenlicht LH, Kobrin D. “Cloning and 2| technique
screening of sequences expressed ina is described
mouse colon tumer.”. Cancer in an article
, Research 42 (3): 1088-1093. published
PMID 7059971, 1982. http:// in Science
cancerres.aacrjournals,org/ (Saiki et af)
content/42/3/1088.long
1985

Working for Cetus, Kary Mullis
discovers that using two
oligonucleotides instead of one
— on opposite strands- enables
DNA to be synthesized from a
single, specific, location in the

was created

1988

| Science

| Magazine
names Jaq
polymerase
its first
“Molecule of
the Year”

1989

1990

Patent for Tag DNA
polymerase is filed by
Mullis et al.

The first automated
PCR cycler is introduced
to the market by Perkin
Elmer and Cetus

(joint venture)

o
o

1991

A brief history of PCR development

Kary Mullis 23| The first complete 2| Lynx Therapeutics 5| The first = | Gibson et al. create
received the 2| genomeof afree- S| publishes and markets S| complete S| the first bacterial cell
Nobel Prize living organism is "MPSS" - a parallelized, human controlled by a
sequenced by Venter adapter/ligation-mediated, genome is chemically synthesized
The first real-time PCR and colleagues bead-based sequencing sequenced by genome (using
instrument is described (Haemophilus technology, launching “next- Levy et. al. Phusion High Fidelity
influenzae) generation” sequencing DNA Polymerase)
1995 2000 2005 2010
Ll
The first high- Antibody Genome of the first Phusion High- The MIQE guidelines
fidelity DNA based eukaryotic organism, Fidelity DNA [Minimum Information for
polymerase is hot start Saccharomyces Polymerase, the ™ Publication of Quantitative
characterized ‘gt\ : technology cerevisiae, is sequenced first PCR enzyme ’ Real-Time PCR
by Mattila — | described based on fusion Experiments) are published
etal. Two commercial protein technology, | by Bustin et. al.
real-time PCR is launched by &
Hot start PCR & | instruments are launched 22| Finnzymes Oy
by wax Z| to market &
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’A brief history of PCR development

Kary B. Mullis

Facts

Enzymatic amplification of beta-globin genomic
sequences and restriction site analysis for diagnosis
of sickle cell anemia

KB Mullis] G T Horn, H A Erlich, N Arnheim

PMID: 2999980 DOI: 10.1126/science.2999980 A third author being given
the Nobel Prize ?

Kary B. Mullis
Nobel Prize in Chemistry 1993

e —

Born: 28 December 1944, Lenoir, NC, USA

R K Saiki, S Scharf, F Faloona,

Died: 7 August 2019, Newport Beach, CA, USA

Prize motivation: “for his invention of the polymerase
chain reaction (PCR) method”

/A

Photo from the Nobel

Prize share: 1/2

Foundation archive.

Sickle cell anemia: inherited disorder; red blood cells are distorted and may cause premature destruction of small blood vessels

PCR through the ages
5| Thomas Brock Taq polymerase is isolated The first cited use of microarray technology PCR | Science 3| Kary Mullis 2| The first complete 2| Lynx Therapeutics 5| The first = | Gibson et al. create
2| reports on the (a thermostable DNA (Augenlicht LH, Kobrin D. “Cloning and technique 22| Magazine 2| received the genome of afree- S| publishes and markets | complete | the first bacterial cell
isolationofa polymerase named screening of sequences expressed ina is described names Jaq Nobel Prize living organism is "MPSS" - a parallelized, human controlled by a
extremophilic J after the thermophilic mouse colon tumor.”. Cancer in an article polymerase sequenced by Venter adapter/ligation-mediated, genome is chemically synthesized
2| The discovery of bacterium i J& bacterium , Research42 (3 1088-1093. published its first The first real-time PCR and colleagues bead-based sequencing sequenced by genome (using
22| the DNA double Thermophilis ¥ o2 ' Thermus PMID 7059971, 1982. http:// in Science “Molecule of instrument is described (Haemophilus technology, launching “next- Levy et al. Phusion High Fidelity
helix structure aquaticus Nt aquaticus) . cancerres.aacrjournals,org/ (Saiki et af) the Year” influenzae) generation” sequencing DNA Polymerase)
YT WAL % content/42/3/1088.ong
1950 1955 1960 1965 1970 1975 1980 N 1985 1990 1995 2000 2005 2010
Lol A 2y o
Kleppe and Frederik Sanger and colleagues Working for Cetus, Kary Mullis Patent for Tag DNA The first high- Antibody Genome of the first Phusion High- /o » The MIQE guidelines
co-workers first introduce the “dideoxy” discovers that using two polymerase is filed by fidelity DNA based eukaryotic organism, Fidelity DNA [Minimum Information for
describe a method chain-termination method for oligonucleotides instead of one Mullis et al. polymerase is hot start Saccharomyces Polymerase, the ™ Publication of Quantitative
using an enzymatic sequencing DNA (also known — on opposite strands- enables characterized = ; technology cerevisiae, is sequenced first PCR enzyme ) Real-Time PCR
assay to replicate a as 'Sanger sequencing’}. It DNA to be synthesized from a The first automated by Mattila 2| described based on fusion Experiments) are published
= | short DNA template utilizes DNA polymerase, single, specific, location in the PCR cycler is introduced etal. Two commercial protein technology, 3| by Bustin et. al.
2| with primers in vitro | nucleotide precursors and one 21 genome. Technique for PCR to the market by Perkin real-time PCR is launched by &
\ ) 2| oligonucleotide primer G was created 23| Elmerand Cetus | Hotstart PCR | instruments are launched  £3| Finnzymes Oy
21 (joint venture) 2| bywax 2| tomarket <
(Saiki et al., 1985) 8
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Lysergic acid diethylamide (LSD) L J
N

Mullis: the good, the bad and the ugly f#="

0

RUVT
* Excellent synthetic chemist... trained by producing his own drugs
« Conceptualized the idea of attaching two oligonucleotides to a split strand of

DNA to isolate it, and with the addition of polymerase create copies by repeating

the steps to improve DNA reading & fought for its development despite skeptics=PCR

He helped persuade the South African president Mebeki that
AIDS is not caused by HIV:
35,000 babies were born with HIV and 330,000 South Africans
died of AIDS due to the country’s lack of action against AIDS
during the 90s epidemic

Erlich & Saiki were two colleagues of Mullis who actively
participated in PCR development:
v" Thanks to their rigor, knowledge and perseverance PCR was

proved effective
v" Wrote the first article describing the technique before other
companies would steal the patent and further developed

the devices

— Mullis got the spark and the Nobel, yet we owe PCR to

the efforts of a team of scientists developing the
technique. .

Oligonucleotides: molecules allowing isolation of natural DNA (Cal Alumni Association, 2022)




Components and steps of PCR

* DNA or RNA sample: contains the segment to be
amplified.

(Powledge, 2004)
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* DNA or RNA sample: contains the segment to be
amplified.

* Primers: short pieces of single-stranded DNA,
complementary to target sequence (one per DNA strand).
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Components and steps of PCR

* DNA or RNA sample: contains the segment to be
amplified.

* Primers: short pieces of single-stranded DNA,
complementary to target sequence (one per DNA strand). @

* Nucleotides: A, T, G, C needed to create new DNA
strands.

(Powledge, 2004)



Components and steps of PCR

* DNA or RNA sample: contains the segment to be
amplified.

* Primers: short pieces of single-stranded DNA,
complementary to target sequence (one per DNA strand).

* Nucleotides: A, T, G, C needed to create new DNA
strands.

* Tag DNA polymerase: enzyme that synthesizes new DNA
strands.

(Powledge, 2004)



Components and steps of PCR

* DNA or RNA sample: contains the segment to be
amplified.

* Primers: short pieces of single-stranded DNA,
complementary to target sequence (one per DNA strand).

* Nucleotides: A, T, G, C needed to create new DNA =
strands.

* Tag DNA polymerase: enzyme that synthesizes new DNA L Master Mix
strands.

* Buffer solution: maintains the optimal conditions forthe
reaction. " =100CHF/mL!

$ N
o\ ¢ z| oo
2w

-

14
(Powledge, 2004)



* DNA or RNAsample

* Primers ‘
+ Nucleotides ‘ ‘

* Taqg DNA polymerase

 Buffer solution

Micro-test tube: where all of the reactants
are combined, and the reaction occurs.

(Powledge, 2004)

DNA Sample Primers Nucleotides

@ | [

Tagpolymerase  MixBuffer  PCR Tube /

i

T
"::::ml""
i

Thermal Cycler

Thermal cycler: to
control temperature
cycle.

15



0 Denaturation &
Extracted nucleic acid sample High T breaks the H-bonds between
(DNA or RNA) ~1-100 ng complementary bases, separating DNA
into two single strands

Region of interest within
the DMA sample

16

(National Ataxia Foundation, 2022)



Extracted nucleic acid sample
(DNA or RNA) ~1-100 ng

Region of interest within
the DMA sample

//-\_/\./"_‘\

Annealing
Primers bind (anneal) to the
complementary sequences of the
template

50-65°C
(National Ataxia Foundation, 2022)

Denaturation
High T breaks the H-bonds between
complementary bases, separating DNA
into two single strands

17



0 Denaturation
High T breaks the H-bonds between
Extracted nucleic acid sample complementary bases, separating DNA
(DNA or RNA) ~1-100 ng into two single strands

Region of interest within
the DMA sample

//-\_/\./"_‘\

Annealing
Primers bind (anneal) to the
complementary sequences of the
template

e Extension

Taq polymerase synthesizes new strands,
adding nucleotides complementary to the
template strand in direction 5°> 3’

—
DNA polymerase

5’

’ ’ o
(National Ataxia Foundation, 2022) 50-65°C 5 3 g 72°C ¢



Amplification of target sequence

Steps 1-2-3 are repeated in PCR produces copies of the
cycles for 25-30 times, target sequence equal to:
depending on DNA input & o

desired yield.

Remember the
lab last month ~

(PCR Cycling Parameters—Six Key Considerations for Success | Thermo Fisher Scientific - US, n.d.)

19



Relevance of Tag polymerase

Steps 1-2-3 are repeated in
cycles for 25-30 times,
depending on DNA input &

s

—

—>possible thanks to the use of thermoresistant
enzyme Taq polymerase from the thermophilic
bacterium Thermus aquaticus, found in hot
springs

- Regular DNA polymerases would be denatured
after each cycle

(Parsaeimehr et al., 2013; Laos et al., 2014)

desired yield. |

Structure of Taq
polymerase

Thermus aquaticus

20



Gel electrophoresis

Laboratory technique used to separate
DNA, RNA, or protein segments based
on size and charge. An electric field is
applied to an agarose gel, causing
charged molecules to move through the
gel. Smaller molecules will move more

quickly.
NH.
(1)

y

I |

@ O P O
o H P
negatively charged H OH H H

phosphate groups

(Capillary Vs. Gel Electrophoresis: Differences, Advantages, and Applications, n.d.)

Gel Electrophoresis

snns [
Cathode
Anode

Sample wells

near Cathode (-) Electrophoresis Buffer
DNA \‘ A ===
(Marker) Py T TS Small DNA
—_— — —p —p > Fragments (fast)
: Large DNA

Fragments(slow)

Migration from Cathode(-) to Anode(+)

DNA molecules are negatively charged due
to the phosphate groups attached to the 5°
C - travel towards the anode

21



Interpreting gel electrophoresis results

600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

50 bp

(Suzaetal., 2021)

Negative electrode at this end

Positive electrode at this end

Sample wells

L: Ladder

1: Sample 1

2: Sample 2

3: Sample 3

4: Positive Control
5: Negative Control

After the gelis run, DNA fragments are stained
with a dye visible with UV light

—> This allows to visualise bands - containing
DNA fragments of the same size, measured
in base pairs (bp)

* Aladder (L) = reference for the size of DNA
fragments contained in the bands of sample
lanes

* To assess quality of PCR, include:

+ control: template of known sequence and length
— control: PCR reagents but no template

22



Interpreting gel electrophoresis results

Remember a few weeks ago in the

{ab... Negiizselsarodsastisand After the gelis run, DNA fragments are stained

with a dye visible with UV light

Sample wells

—> This allows to visualise bands - containing
DNA fragments of the same size, measured
in base pairs (bp)

fragments contained in

N B : Ladder lanes
1: Sample 1

2: Sample 2 * To assess quality of P¢
3: Sample 3

fl 4: Positive Control template of |
5: Negative Control PCR reagents b

Positive electrode at this end

23



Large fam'\ly of PCR

ﬁ Multiplex PCR

e L ong-range PCR

e Single cell PCR

e Fast Cycling CPR

e Methylation- specific
PCR

e qPCR

N

(Zhu et al., 2020)

Q"

‘. Digital PCR h

Droplet-based digital
PCR

* Chip based digital PCR

- K. Isothermal amplification/

\ —a
24
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Quantitative PCR

PCR-based technique: amplification a target DNA sequence & quantification of its concentration
- Allows for back calculation of initial template concentration
- Evaluation of DNA copy number, viral load...

SAMPLES

Robot preparing the > Looks like a little
sgmples for PCR: centrifuge where the
mixing of template PCR cycles occur with
DNA, primers, real-time quantification

buffers...

using fluorescence

Red boxes where the magic happens 3,’3-'

g i ‘ \
(Dymond, 2013) \ \
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\
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La rg? fam\ly df PCR N\ %\

RN |

You probably used it not so long ago...
R I - P C R COVID-19 Diagnostic Test through PCR yREN

1 ) Nasopharyngeal swab 2 ) Collected specimen 3 ) RNA extraction -4

Cotton swab is inserted into nostril Specimen is stored at 2-8°C forup to Purified RNA is extracted from deactivated virus

Reverse Transcription PCR: reverse transcription of
RNA into complementary DNA & amplification of this . , 2 - Purfed A

~ i r; b
cDNA el A A s
el g — =l

—> Use of reverse transcriptase enzyme —
—> Mainly for genetic diseases and characterization of
gene expression in tissues or cells over B i | o e | e o
developmental time courses |

(< 40.00 Ct)

Retro transcription

duun — IO

1 ul
_Forward: ACA( GTTA TTAATAGCG ene
_Probel: GCTTCGB8Q Firstline
_Reverse: screening 100
AF 3 T 1
Pro C GG GCB8Q
cafirmaton
_Pro 880 c atory
testing
* N gene testing is not furth ed because It is slightly less sensitive

Fluorescence

Negative

the threshold line within 40.00 cycles

Copies per reaction (Ct)

(SARS-COV-2 Testing: Demystifying the Terminology, n.d.)

‘ \ \ S .

(Bachman, 2013,Dutta et al.,2022) \ \
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Applications

ﬁ:orensics: \

Thanks to its sensitivity, PCR detects very small amounts of template DNA
(e.g., from few skin/hair cells) - DNA fingerprinting.

* Medicine:
Study of genetic diseases, pathogen detection, and characterization of viruses.
* Paternity testing:
DNA fingerprinting to match DNA of an individual to that of their suspected
children, siblings, parents.
* Environmental Microbiology:

Detect indicator bacteria of specific microbial communities (e.g.
biodegradation and bioremediation).

& Detect and monitor environmental contamination (e.g. with pathogens). /




[Salinity controls soil microbial community structure and
function in coastal estuarine wetlands (2021)

\_ Guangliang Zhang, Junhong Bai, Christoph C. Tebbe, Qingqging Zhao, Jia Jia, Wei Wang, Xin Wang and Lu Yu )

B Marine intertidal zone
E ey . . ==
5 || Marine supratidal zone ¥,

C/

Freshwater-affected zone

North #= South ,

(]

> LIA »
" Marine intertidal zone ' Marine supratidal zone ' Freshwater-affected zone '

How will the increase in levels of salinity in
freshwater ecosystems, due to sea level
rise, affect microbial communities’
composition and functions?

(Yoshimura et al., 2025)

Experimental methods:

30 samples from coastal estuarine wetland of
the Yellow River: from oligohaline to hyperhaline

DNA extraction from soil samples

16s rRNA amplification with PCR (V3-V4):
1) Denaturation: 95°C - 30s
2) Annealing: 55°C - 30s
3) Elongation: 72°C -45s
4) Final extension: 72°C-10 min

\ |/

PCR products separated on 2% agarose gel
electrophoresis

16s rRNA quantification and sequencing

28



Result 1: soil salinity strongly
influences the composition of
microbial communities (9328 OTUs)

* More unique OTUs in meso/hyperhaline soils;
* Higher bacterial OTU numbers at low salinity;

* Highest phylogenetic diversity (PD) in mesohaline
conditions (evolutionary history)

* Different relative abundances dominant phyla

B Proteohacteria [ | Firmicutes
I Chlorofiexi Planctomycetes
A Bacteroidetes Verrucomicrobia
100+ I Actinobacteria Parcubacteria
I Acidobacteria Nitrospirae
B Gemmatimonadetes Latescibacteria
80 4 Cyanobacteria M others

60 Low Medium

2308
(24.74%)

632

a0 (6.77%)

Relative abundance (%)

[*7
=
1

1246
(13.36%)

Low Medium High High

0

(Yoshimura et al., 2025)

Result 2: soil salinity significantly
altered the microbial functional genes
along the salinity gradient

NzO— - Nz
nosZ-N

Abundance of most functional genes for C,
N, P, and S-cycling decreased with
increasing salinity:

- salinity inhibits soil biogeochemical
processes in estuary ecosystems, exception:

hzo gene (annamox)
29
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