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Polymerase Chain Reaction (PCR)

“A technique used in molecular biology to copy DNA, utilizing
repeated cycles of three basic steps to generate thousands to
millions copies of that particular DNA sequence”




DNA template

COMPONENTS OF PCR DNA

polymerase

The DNA molecule that contains the DNA region (segment) to be amplified

- Always needs a template g Imﬁb
I

—> Adds sequentially nucleotides to the 3’ end of a DNA strand
primer CTTAGTG
9 Proofreads the]r Work By https://www.khanacademy.org/

- Mismatch repairing, removing the vast majority of "wrong” ®
nucleotides that are accidentally added to the chain '



https://www.khanacademy.org/

Taq DNA

COMPONENTS OF PCR

polymerase

Bio-Resource

(from Thermus aquaticus: a thermophilic bacterium) - the most common enzyme

, “ - facilitates high specificity of the primers
High temperature stability -

reduces the production of nonspecific products (such as primer dimers)
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https://www.youtube.com/watch?v=tNR7Curs0N8
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COMPONENTS OF PCR Primers

17 to 24 nucleotides long

« Complementary to 3’end

» the forward primer complimentary to the 3’end of antisense strand (3’-5’) of a gene
» the reverse primer complimentary to the 3’end of sense strand (5’-3’) of a gene

* Presence of Guanine (G) and Cytosine (C) bases at the 3’ end of the primer—the GC clamp—
helps promote correct binding



dNTPs

COMPONENTS OF PCR

Magnesium

All types of nucleotides are “building blocks” for the new DNA strands and essential for the PCR

/ Adenine(A), Guanine(G), Cytosine(C) and Thymine(T)

» Affects primer annealing and template denaturation, as well as enzyme activity

» An excess of magnesium gives non-specific amplification products, while low magnesium yields
lesser amount of desired product.

« Mg?* ions in the buffer act as co-factor for DNA polymerase enzyme and hence are beneficial to

the reaction
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COMPONENTS OF PCR SUM-UP

C G
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DNA Sample Primers Nucleotides
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Tag DNA polymerase

Primers

Taq polymerase Mix Buffer PCR Tube
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THE 3 STAGES OF PCR - Denaturation

nucleotide
;-'"

Denaturation step

3’ I 5

= Now, each strand acts as template for synthesis of T DNA primer
complimentary strand original DNA
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THE 3 STAGES OF PCR- Annealing

Annealing step

— The length and GC-content of the primers should be sufficient for stable binding with template

nucleotide
f#l'

—
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Denaturation Annealing
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THE 3 STAGES OF PCR- Extension

Extension step

— The polymerase adds nucleotide (dNTP’s) complimentary to template on 3’-OH of primers
thereby extending the new strand

nuclectide
4

Extension

e
T~ DNA primer
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The first three steps are repeated 35-40 times

- to produce millions of exact copies of the target DNA
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will be 8 copies and so on...

@eUticals

> is only one copy of the desired gene before the PCR starts, after one cycle of
ll be 2 copies, after 2 cycles of PCR, there will be 4 copies. After 3 cycles there




DNA BARCODING for species identification

Paul Hebert

DNA barcoding is a technique used to establish genetic relationships

between organisms

eukaryotic organisms algae




Plant DNA BARCODING

A good DNA barcoding locus should have:

« adequate internal variability

 contain flanking regions conserved enough

> PlgsAtid regions (e.g. rbcL and matK, and the non-coding spacer trnH-
PsbA)

— Internal transcribed spacer (ITS) region of nuclear ribosomal DNA
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http://www.ibol.org/phase1/bold/
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DNA BARCODING-procedure

Step 1: Isolate DNA from the sample

Step 2: Amplify the target DNA barcode region using PCR
Step 3: Sequence the PCR products
Step 4: Compare the resulting sequences against reference databases to find

the matching species




DNA isolation from microalgae
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DNA BARCODING

Step 1: Isolate DNA from the sample

for algae an ideal sequence is the 16s rRNA in the chloroplasts

Step 2: Amplify the target DNA barcode region using PCR

Step 3: Sequence the PCR products
Step 4: Compare the resulting sequences against reference databases to find

the matching species
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DNA BARCODING- PCR

PCR REACTION

PCR CONDITIONS

Buffer
| dNTPs
Primer F

Denaturation

Denaturation

Annealing

Elongation

Elongation
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DNA BARCODING

Step 1: Isolate DNA from the sample

for algae an ideal sequence is the 16s rRNA in the chloroplasts
Step 2: Amplify the target DNA barcode region using PCR
Step 4: Compare the resulting sequences against reference databases to

find the matching species




DNA BARCODING- sequencing

1. Reaction mixture
» Primer and DNA template » DNA polymerase o 9 o
» ddNTPs with flourochromes> dNTPs (dATP, dCTP, dGTP, and dTTP) T T

OH OH OH

The nucleotides of the sequence
correspond to the highest fluorochrome
peak of the chromatograph

o o 0 =N
Ho-P—0—-A-0-A-0 - g
1 N
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Template

ddNTPs
ddTTP
ddCTP : . .
ddATP —g 3. Capillary gel electrophoresis

ddGTP @ separation of DNA fragments
2. Primer elongation and Capillary gel
chain termination
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. 4. Laser detection of the
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computational sequence
analysis
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DNA BARCODING

Step 1: Isolate DNA from the sample

for algae an ideal sequence is the 16s rRNA in the chloroplasts
Step 2: Amplify the target DNA barcode region using PCR
Step 3: Sequence the PCR products
Step 4: Compare the resulting sequences against reference databases to

find the matching species




BLAST and phylogenetic tree

 ‘Clean’ the sequences by editing the chromatograph for inconsistences

« Blast and select the most appropriate (+%) sequence hit from the database
* Perform multiple sequences alighment

« Construct the phylogenetic tree




BLAST

Alignment Scores

BW<40 [40-50 [§50-80 [&0-200

Distribution of the top 17 Blast Hits on 17 subject sequences

200
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Chlorella vulgaris C-27 chloroplast DNA, complete sequence
Sequence ID: AB001684.1 Length: 150613 Number of Matches: 1

Range 1: 72457 to 72599 GenBank Graphics

Strand
Plus/Plus

Identities
137/144(95%)

Expect
le-55

Gaps

2/144(1%)

TTTT-AGAGGGGGAGAAGACTCGACGGGAGCTATCCTAACAATGTGATATAAAGTTRTAG

TTTTAAGAGGTGCAG-AGACTCGACGGGAGCTATCCTAACAA TATAAAGTTAT.

TTGAGGATAAAGAGAGAGTCCAGTTTCTTATACTGAAAATCCGTTGGTTCATTGAACCGT
LELELELEEEEEEEE LT L e e

TTGAGGATAAAGAGAGAGTCCAGTTTCTTATACTGAAAATCCGTTGGTTCATTGAACCGT
GAGAATTCAAGTCCCTCTATCCCC 199

GAGAGTTCAAGTCTCTCTATCCCC 72599

Query

Sbjct
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Multiple Sequence Alignment

An arrangement in which two or more sequences are positioned in parallel to each other

[u] 40 50 70 S0
L I e e i I e e

Chlorslla sorckiniana isolate GGGGATAGAGAGACTTGAACTCTCACGETTCAATGAA  ~ CCAACGGAT TTTCAGATATGAAACTGGACTCTCTC  — TTTATCCTCACAGTAAACAAC

Chlorella sorokiniana chloropl GGGGATAGAGAGACTTGAACTCTCACGETTCAATGAA ~ CCAACGGATTTTCAGATATGAAACTGGACTCTCTC  — TTTATCCTCACAGTAAACAAC

Chlorella sorokiniana strain U GCTTCOGCCOAGGECATETCTGCCTCAGCGTCEECTCACACCCTCGCTCCCTCCTCTCCOCOTTTCOABAGCOASCAGGAGCOCAGCTOECCCTCCCGECTCTGTETGCTCCCT TTETCGGGCACCOTCCEEETTGOT
Arthrospira platensis YZ genom GOOACTTGAACCCACACGAC - COGTGAAGOTCAACGGATTTTCATCCTCT - CGCAGCTTTCGE - — - TACAGCATCAGGTAGET TCATCCCCGOCTAATTGOC
Arthrospira sp. TJSD092 chromo GGGACTTGAACCCACACGAC - COGTGAAGGTCAACGGATTTTCATCCTCT - — - CGCAGCTTTCGC -~ TACAGCATCAGGTAGGT TGATCCCCGCCTAATTGCC
Arthrospira sp. str. PCC 8005 GGARACCTAAATCTGTTCGCAGACAAGGCAATCCTGAGCCAAGCCT TTGAAGGGGT GAAGGAAATACCTAATTTCTGGAACTTCTTGATCGG —  AAGGTGCAGAGACTCGACGEE AGCTACCC
Chlorella vulgaris C-27 chloro AGTAATCCTGACTCAACTTAAAAAAAAA TTTTTAA  CAGGTGCAGAGACTCOACCGCS

Chlorella sorockiniana isolate COCOATAGAGAGACTTCAACTCTCACGOTTCAATCGAA  CCAACGCATTTTCACGATATCGAAACTCGEACTCTCTC — TTTATCCTCACAGTAAACAAC

Chlorella sorokinlana chloropl GGGGATAGAGAGACTTGAACTCTCACGGTTCAATGAA - - CCAACGGATTTTCAGATATGAAACTGGACTCTCTC TTTATCCTCACAGTAAACAAC -~ g A
B1ll Chlorella vulgaris GOGAAACTCGTAGTAAA - TAAAGTTATGAGTAATCCTGAGTCAACTTAAAAAAAAAATTTTTAA — - GAGGTGCAGAGACTCGACGGG CTATCH I g n m e n tS ar e a S O u S e tO al
Cll_Chlorella sorokiniana TCCCTCTATCCCAACCGGAAACCTAAAT  GGTTCMATACARTGCCTCTTTGACCAAACCCCTTGAAGGGGTGAAAGAAATACCTAATTTCTGGAACTTCTTAATCGG AARAGTCCCCATACTCGCTAGG

Al12 Chlorella sorokiniana CTTCGGCCGAGGGCATGTCTGCCTCAGCGTCGGCTCACACCCTCGCTC TCCTCTCCGCGT TTGGAGAGCGAGCAGGAGCGGAGCTGGCCCTCCCGGCTCTGTGTGCTCCCTTTGTCGGGSAL . . - -

B12 Chlorella sorckiniana GEARACT TTTAAAGTGAATGCTCTCAAATTCAGGOAAACT TTAT TTT TAATGAAAAAT TTTAAGT AATCCTGAGTCAACTTAAGARAAATTTTCTTAA  — GAGGTGCAGAGACTCOACGEE CTATO I n es t ab | I S h I n ev O | u t I O n ar

E12 Chlorella sorckiniana CTCAAATTCAGGGAAACTTTATTTTTAATGAAAAATTTTAAGTAATCCTGAGTCAACT TAAGAAAAATTTTCTTAA GAGGTGCAGAGACTCGACGGG

Chlorella_ sorokiniana ATCCCGACCCCAAATTCGGGGAACCATAGGGT TAATTGTAAARTTATCGCCCWWAATTTCTGGAAATATTAATTTTTTTTTTAA AATTTGCATAAACCCGACGGG

A1l Chlorella GTGAATGCTCTCAAATTCAGGGAAACTTTATTT TTAATGAAAAATTTTAAGTAATCCTGAGTCAACTTAAGARAAAATTTTCTTAA GAGGTGCAGAGACTCGACGGG I t h
Chlorella_vulgaris TAGACGCTACGTTCAAGTCCCTCTATCCCCACGTCAAAWTGGGTAAACCCWCCT TTAAGGTCCCTAAGGGCCCGCGA - GGGGAGGGGARAGAGAAAGA. TTTTAG AGGGGGAGAAGACTCGACGGG r e a I O n S I p S y

o 150 z 210 220 z 240 as 270 H 1
TN, S U . ST, S . ) . B® constructing phylogenetic trees
TTTGTTATTGTATTAGGATAGCTC ‘GTCG AGTCTCTGCACCTCTTAAGAAAATTTTTC

Chlorella sorockiniana chloropl AAGAAAAGATTTTCCCTGT TTTGTTATTGTATTAGGATAGCTCCCGTCG AGTCTCTGCACCTCTTAAGAAAATTTTTC TTAAGTTGACTCAGGATTACTTAAAATTTTTCATTAAAAATAAAGTTTCCC
Chlorella sorokiniana strain U AGCGTAGAGGCTTGAACATGG ACCCCGTTTGTAGGGCGATGGCTTGGT AGGTAGGCACCCCCTACGCAACCTGCCGTCGTCCG  AGGGGACT TTGT TGRAGGCCCCGCAGGAAT TCGGTGCGTGCTCGCAAGGUCCCUGA
Arthrospira platensis YZ genom AGAATTGGACTCTCCCTTTACCCTCGGCTTAACGTTAGGGTAGCTCCCGTCG AGTCTCTGCACCTTCCGATCAAGAAGTTCCAGAA ATTAGGTATTTCCTTCACCCCTTCAAGGGCTTGGCTCAGGATTGCCTTGTCTGCGA

C’ 'GTCG AGTCTCTGCACCTTCCGATCAAGAAGT TCCAGAA ATTAGGTATTTCCTTCAC TTCAAAGGCTTGGCTCAGGATTGCCTTGTCTGCGA

ACGTTAAGCCGAGGGTAAAGGGAGAGTCCAAT TCTCAAGGCAATTAGGCGGG - GATCAACCTACCTGATGCTGTAGCGAAAGCTGCGAGAGGATGAAAATCCGT TGACCTTCACCGG - TCGTGTGGGTTCAAGTCCC

Chlorella valgaris C-27 chloro A
Chlorella sorokiniana isolate AAGAARRGATTTTCCCTGT TTTGTTATTGTATTAGGATAGCTCCCGTCG AGTCTCTGCACCTCTTAAGAAAATTTTTC TTAAGTTGACTCAGGATTACTTAAAATTTTTCATTAAAAATAAAGTTTCCC
Chlorella sorokiniana chloropl C’ AGTCTCTGCACCTCTTAAGAAAATTTTTC TTAAGTTGACTCAGGATTACTTAAAATTTTTCATTAAAAATAAAGTTTCCC
B1ll_ Chlorella vulgaris A CAATGTGATA- TAAAGTTATAGTTG AGGATAAAGAGAGAGTCCAGTTTCTTATA - - CTGAAAATCCGTTGG - TTCATTGAACCGTGAGAGT TCAAGTCCCTCTATCCCACT
C1ll Chlorella scrokiniana ACTTTATTTTTTAGGTAACGATAGAGTCCAATTCTCRAGGCAATTATTCT TATAATCAACCTACCTGATGCTGT TGCGAAAGCTGCAAGAGGATGAAAATCCTCCCCCCTTCACCGG - TCGTGTGGGT TCAAGTCCCTCTATCCCCCC
Al2 Chlorella sorckiniana AGCGTAGAGGCTTGAACATGG ACCCCGTTTGTAGGGCGATGGCTTGGT AGGTAGGCACCCCCTACKCAACCTGCCGTCGTCCG  AGGGGACT TTGT TGEAGGCCCCGCAGGAAT TCGGTGUGTGTTC!
B12 Chlorella sorokiniana TACAATAACARAACAGGGAAAATCTTTTCTTTAAAGTAACTGTTGTTT ACTGTGAGGATAAAGAGAGAGTCCAGTTTCATAT CTGAAAATCCGTTGG  TTCATTGAACCGTGAGAGT TCAAGTC TCTATCCC
E12 Chlorella_ sorokiniana TACAATAACARAACAGGGAAAATCTTTTCTTTAAAGTAACTGTTGTTT ACTGTGAGGATAAAGAGAGAGTCCAGTTTCATAT CTGAAAATCCGTTGG  TTCATTGAACCGTGAGAGT TCAAGTC TCTATCCCCCC
Chlorella sorokiniana TAYTTTAACAAAACAGGGAAAATCTTTTCTTTAAAGTAACTGTTGTTT ACTGTGAGGATRAAAAGAGAGTCCWGTTTCATAT CTGAAAATCCGTTGG - TTCATTGAACCGTGAGAGT TCAAGTCCCTCTATCCCCAC
A1l Chlorella TACAATAACARAACAGGGAAAATCTTTTCTTTAAAGTAACTGTTGTTT ACTGTGAGGATAAAGAGAGAGTCCAGTTTCATAT CTGAAAATCCGTTGG TTCATTGAACCGTGAGAGTTCAAGTCCCTCTATCCCCCC
Chlorella vulgaris CAATGTGATA TAAAGTTRTAGTTG AGGATAAAGAGAGAGTCCAGTTTCTTATA  CTGAAAATCCGTTGG  TTCATTGAACCGTGAGAATTCAAGTCCCTCTATCCCCCC

Chlorella sorokiniana isolate
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B12 Chlorella sorokiniana
Al Chlorella sorokiniana A branching diagram showing the evolutionary
E12 Chlorella sorokiniana l t h A b l . l . b d
Chlorella vulgaris C-27 chloroplast DNA reta ’On§ ’PS a.n?ong VGH?US 10 Og’Fa SP?C’eS a‘?e
B11 Chlorella vulgaris upon similarities and differences in their genetic

Chlorella sorokiniana CharaCteriStiCS

Chlorella vulgaris
Arthrospira sp. str. PCC 8005 chromosome
C11 Arthrospira platensis
Chlorella sorokiniana isolate 1230 chloroplast

Chlorella sorokiniana chloroplast ) o
Chlorella sorokiniana isolate 1230 chloroplast(2) Construct a nelghbor joining tree:

Chlorella sorokiniana chloroplast(2)

Chlorella sorokiniana strain UTEX 246 . .
A2 Chiorella <orokiniana - a bottom-up (agglomerative) clustering method

Arthrospira platensis YZ genome for the creation of phylogenetic trees
Arthrospira sp. TJSD092 chromosome

—
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High Resolution Melting analysis (HRM)

High Resolution Melting analysis (HRM) -

fluorescent dye

The amplicon is analysed by observing the change in fluorescence that is caused by the
release of intercalating dye from a DNA as it is being denatured by the increasing

temperature
O NS * X
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Bar-HRM analysis for molecular identification
of algae species

=)

=)

HRM offers a rapid high-throughput method for various analyses as only DNA
isolation followed by the PCR steps are needed

HRM may be coupled with the DNA barcoding (Bar-HRM) using universal regions
for the rapid detection, authenticity analysis, taxonomical identification,
quantification and adulteration studies!
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Buffer

Primer F
Primer R
Taq
Syto
DNA
H,0

PCR REACTION

PCR CONDITIONS

Denaturation
Denaturation
Annealing

Elongation

HRM: melt at 75-95 °C in increments of 0.2
oC/step every 2 sec
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Bar-HRM: ITS2

Species are
differentiated based on
the ITS2 region

[e2]
=
L

Here we observe that
Chlorella vulgaris the samples Chlorella
Athens sorokiniana Athens and
Chlorella vulgaris
Athens were probably
mislabelled as they
group with the opposite
species

£n
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Mormalized Fluorescence

E
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Chlamydomonas

-

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
874 676 676 o850 882 o884 o286 o086 690 @892 894 0896 6956 9S00 902 9S04 H06 90E 90 H12 H14 H1E6 918 820 922 924 H26 928 930 932 934 936 938
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Bar-HRM: trnL

Species are differentiated based on the
chloroplast trnL region

Here we observe that the species were not
differentiated based on this locus
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